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Advancements in  
colorectal imaging

Towards more accurate and  
efficient colonoscopies

T.  Kuiper

Ondanks haar 
beperkingen zoals het 
missen van poliepen, 
is wit licht nog altijd de 
gouden standaard voor 
coloscopie. Bovendien 
beschikt deze techniek 
over onvoldoende 
nauwkeurigheid om 
gedetecteerde poliepen 
te differentiëren. 
In dit proefschrift 
onderzochten 
wij of nieuwe 
endoscopietechnieken 
deze bezwaren 
kunnen wegnemen. 
Onze resultaten tonen 
aan dat geen van de 
onderzochte technieken 
vooralsnog voldoet aan 
de gestelde eisen. 
Desalniettemin zal, 
gezien de invoering van 
colorectale screening 
in Nederland, de 
vraag naar accurate 
endoscopietechnieken 
toenemen.  Welke 
techniek zich hiervoor 
het beste leent zal 
toekomstig onderzoek 
moeten uitwijzen.
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Standard white light 
is considered the 
gold standard for 
colonoscopy, despite 
its limitation of a 
substantial polyp miss-
rate. Also, its accuracy 
for the differentiation 
of polyps is insufficient. 
Research of this thesis 
focussed on advanced 
imaging techniques and 
their ability to enhance 
colonoscopy by means 
of improving detection 
and differentiation of 
colorectal polyps. Our 
results demonstrate 
that none of the 
assessed techniques 
were yet able to deliver 
such enhancements. 
Considering the 
implementation of 
colorectal screening 
in the Netherlands, 
demand for accurate 
endoscopy techniques 
will increase. Which 
technique will be most 
suitable for this job 
remains to be seen. 
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inTroDucTion

Colorectal cancer (CRC) is one of the most common cancers in western countries.1, 2

It is the second leading cause of cancer-related deaths in the Netherlands amongst men 

and the third leading cause amongst women.3 CRC is preceded by premalignant lesions 

(adenomas and serrated polyps) that have a long dwell time, making it an ideal target for 

early detection.4 With the detection and removal of adenomas, a substantial reduction in 

the expected risk of CRC can be achieved.5, 6 Currently, conventional white-light colonoscopy 

is the standard endoscopic technique for the detection and removal of such premalignant 

lesions.

Because screening for and removal of colorectal lesions reduces the risk of developing can-

cer, many countries have established a screening program. In the Netherlands, a CRC screen-

ing program will start in 2013 with complete implementation in 2018. With the introduction 

of this screening programme, the estimated number of extra colonoscopies per year will be 

around 66,000 on top of the 191,000 colonoscopies that are generally performed.7

Even though colonoscopy is the best available method to detect and remove colorectal 

lesions, it is not infallible. Some premalignant lesions remain undetected which may result 

in interval cancers. Particularly in the right side of the colon, lesions seem more likely to be 

missed.8 Factors that contribute to this miss-rate are suboptimal examination (e.g. no cecal 

intubation, insufficient withdrawal time) and poor bowel preparation.9 Also, small or flat le-

sions may be missed simply due to their shape and form.

On top of adequate detection, accurate differentiation also results in a more efficient colo-

noscopy. During colonoscopy, more than 90% of detected lesions are small (6–9 mm) or di-

minutive (≤5 mm).10, 11 Currently, even small and diminutive lesions that have a very small risk 

of harbouring cancer are sent for histopathology to assess which of these is adenomatous.12, 13 

The number of adenomas is a good determinant of long-term risk of advanced neoplasia 

and allows an informed decision on future surveillance intervals.14,  15 Consequently, each 

endoscopist has to await the results of histopathology before the patient can be informed 

on their future surveillance interval. If small and diminutive lesions were to be accurately 

differentiated during colonoscopy, histopathological analysis could be dispensed and many 

patients could be informed about their surveillance interval on-site. Also, adenomatous le-

sions would be removed while other harmless lesions would remain in situ, reducing the risks 

associated with their removal.16

In the last decade, several advanced endoscopic imaging techniques have been introduced 

that could potentially overcome the abovementioned limitations of conventional white light 

colonoscopy. Research of this thesis is focussed on the assessment of their ability to improve 

detection and differentiation of colorectal lesions.
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ouTline of This Thesis

PART I: detection

To assess whether advanced imaging techniques significantly decrease the miss-rate of 

colorectal lesions compared with standard white light colonoscopy, several study designs 

can be used. In chapter 2 of this thesis several frequently used study designs and their re-

quired sample size are evaluated.

In chapter 3 and 4 the detection ability of an advanced imaging technique is evaluated in 

different patient populations. In chapter 3 the use of chromoendoscopy for the detection of 

dysplasia in the ileoanal pouch of patients with ulcerative colitis is discussed. In chapter 4 the 

advanced technique of endoscopic trimodal imaging (combining narrow-band imaging and 

autofluorescence imaging) is compared with the conventional technique in a non-academic 

setting.

PART II: differentiation

Previous studies in an academic setting have shown that the majority of small and diminutive 

lesions can be safely managed based on their endoscopic image alone, which would allow for 

the omission of histopathological analysis. If such a strategy were to be widely implemented, 

similar results would have to be achieved in a non-academic setting. In chapter 5 the ac-

curacy of endoscopists in a non-academic setting using this strategy of resect and discard is 

assessed.

Ideally, differentiating lesions would not be dependent on the experience of the endosco-

pist but rather performed in a standardized manner. WavSTAT® is an optical biopsy system that 

differentiates colorectal lesions and displays its results in a standardized manner through a 

green (non-adenomatous) or red (adenomatous) signal. In chapter 6 the accuracy of WavSTAT 

for differentiation of small colorectal lesions is studied and discussed.

Another advanced imaging technique is confocal laser endomicroscopy (CLE), a technique 

that provides images of the gastrointestinal epithelium at subcellular resolution compa-

rable to conventional histopathology. There are two different CLE systems available: the 

endoscope-based (eCLE) and the probe-based (pCLE) device. Chapter 7, 8 and 9 each discuss 

different aspects of confocal laser endomicroscopy. In chapter 7, the learning curve of eCLE is 

determined through the assessment of post-hoc images. In chapter 8 a new pCLE classifica-

tion is introduced, and both its interobserver agreement as well as its diagnostic accuracy 

are assessed. In chapter 9 we compare pCLE to other imaging techniques with regards to its 

feasibility and diagnostic accuracy.
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ABsTrAcT

Background & aims

Novel imaging techniques need to be evaluated for their ability to improve the detection of 

polyps. Critical appraisal of reported studies reveals remarkable differences in study designs, 

despite their similar objectives. The aim of the current study was to compare frequently used 

study designs for their required sample size to detect relevant differences in polyp detection 

rates.

Methods

We compared three commonly reported study designs: the parallel randomized design (1), 

the randomized cross-over design with direct removal of polyps (2) and the randomized 

cross-over design without direct removal of polyps (3). A total of 5 different scenarios were 

analyzed per study design, representing a variety of clinical settings. Each scenario was 

repeated a 1000 times for each study design and the sample size that produced a significant 

result per study design in each scenario is reported

Results

In many scenarios, study design 1 required 10 to 15 times more patients to reach the same 

statistical power of 80% compared to study design 2. Further reductions in sample size could 

be achieved if study design 3 was performed, although this design is limited by its imprac-

ticality.

Conclusion

The statistical power of the randomized parallel design to detect differences in detection 

rates between techniques is low. Researchers should carefully consider whether the cross-

over design can be used instead. The cross-over design has much greater power, although it 

may be more cumbersome for patients, endoscopists, and researchers.
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inTroDucTion

Optical colonoscopy is considered the gold standard for detection of premalignant colorectal 

polyps.1 Polyps are frequently overlooked during standard colonoscopy however, and polyp 

miss-rates are estimated to be as high as 26% for diminutive lesions.2 In order to increase 

polyp detection, several imaging techniques have been developed.3,  4 In addition, novel 

imaging techniques can also aid the endoscopist in the differentiation of polyps.5-8

The differentiation performance of any imaging technique can be assessed by using the 

classical accuracy design for evaluating diagnostic tests.9 This design consists of a com-

parison between the results of the technique under evaluation and a high-quality reference 

standard (i.e. histopathology). The reporting of such studies can be guided by the Standards 

for Reporting of Diagnostic Accuracy (STARD) initiative.10, 11

Detection studies on the other hand are methodologically challenging as they lack a high-

quality reference standard against which the new technique can be compared. Furthermore, 

methodological papers discussing the detection ability of imaging techniques are lacking. 

As a consequence, detection studies reveal remarkable differences. For example, detection 

studies on narrow-band imaging (NBI) have used different study designs and different statis-

tical methods to analyze their data, showing large variation in sample sizes.12-15 So, despite 

their similar objectives, results from these studies are difficult to compare.

The aim of the current study was to compare frequently used study designs in detection 

studies of novel imaging techniques. Through a series of simulations we compared these 

designs for their required sample sizes to detect clinically relevant differences in polyp detec-

tion rates. Also, designs were compared with respect to the underlying clinical question they 

try to answer.

meThoDs

Study designs

A total of three frequently used study designs were included: the parallel randomized design, 

the randomized cross-over design with direct removal of polyps and the randomized cross-

over design without direct removal of polyps (figure 1).

In the parallel randomized design (1), patients are randomized to undergo an examination 

with either technique A or B.12, 15-23 In the second study design, the randomized cross-over 

design with direct removal of polyps (2), patients undergo back-to-back examinations with 

both techniques, but the order in which they receive both techniques is determined by 

randomization.24-28 Polyps detected by the first technique (either A or B) are removed imme-

diately. Consequently, only missed polyps can be picked up during the second examination. 

The third study design is the randomized cross-over design without direct removal of polyps 
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(3), which is similar to the second study design, although polyps are not removed during 

the first examination but rather during the second examination. This study design allows a 

comparison between the techniques for each polyp within a patient.15, 29

Results of detection studies can be analyzed on a per-polyp or a per-patient basis. The 

former has the advantage of having more statistical power, since each polyp will generate 

information about the detection quality of a technique. Moreover, detecting each individual 

polyp has clinical significance as each polyp may be premalignant. Therefore, the number of 

detected polyps per patient was used as the primary outcome measure in our assessment of 

each study design.

Simulations

In each of the three designs two colonoscopy techniques (A and B) were compared. Tech-

nique A represented the conventional colonoscopy technique while technique B represented 

the novel technique. A total of 5 different scenarios (I-V) were analyzed representing a variety 

of clinical settings and differences between the two techniques which were characterized 

by 2 parameters: the number of polyps within each patient and the detection ability of each 

technique (table 1). Within each scenario, a comparison was made between the three designs 

across a range of sample sizes. Each scenario was repeated a 1000 times for each study design 

and the sample size that produced a significant result for each of the three study design in 

each scenario was reported.

The first parameter of the simulation (the number of polyps within each patient) was 

obtained by using the negative binominal distribution in order to generate the true, but 

Technique A Technique B

Technique A Technique B

no polyp removalno polyp removal

removal of
all polyps

removal of
all polyps

Study design 1
Parallel, randomised 

design

Study design 3
Randomised cross-over design

without removal of polyps

Technique A Technique B

Technique A Technique B

polyp removal

Study design 2
Randomised cross-over design

with removal of polyps

Technique A Technique B

polyp removal

polyp removal

RandomizationRandomization Randomization

removal of 
additional polyps

removal of 
additional polyps

Figure 1: included study designs
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unobserved number of polyps within each patient. The negative binomial distribution is 

closely related to the Poisson distribution, but it has the flexibility to simulate situations. The 

number of patients with no polyps and the number of patients with many polyps is often 

higher than expected under the Poisson distribution, which is known as overdispersion. The 

negative binomial distribution is characterized by a mean and the overdispersion parameter. 

In the scenarios I, II and III the parameters of the negative binomial distribution were chosen 

such that the observed mean number of polyps would be 1 and that in 50% of the patients no 

polyp would be identified with conventional colonoscopy. Such numbers are often reported 

in the literature.30, 31 In the remaining scenarios IV and V the parameters of the negative bino-

mial distribution were chosen similar, but the observed mean number of polyps was now set 

at 2, a number that has also been reported often.32, 33

The second parameter of the simulation (the detection ability) was specified as the detec-

tion ability for each technique when applied during the first inspection (pA1 or pB1) and the 

ability of each technique when applied in the second inspection to detect additional polyps 

missed by the other technique (pA2 or pB2, needed in design 2 and 3 only). The detection 

ability of both techniques was assumed to be lower in the second round than in the first 

round as missed polyps are presumed more difficult to detect.

The detection rate of technique A (representing conventional colonoscopy) was set at 

100% minus reported polyp miss-rates derived from a systematic review.2 Therefore, the 

detection rate of A was set at 75% (scenarios I, IV and V) or 85% (scenarios II and III) during 

the first examination. In order to include a range of differences between technique A and 

technique B, technique B was set at having a 10% (scenario I,II and III), a 15% (scenario IV) or 

a 20% (scenario V) higher detection rate compared with technique A.

In order to assess the frequency of a type I error (finding a statistically significant result 

when in reality there is none), two additional scenarios were simulated in which no difference 

in detection rate was present between technique A and technique B.

Table 1 The 5 different scenarios used in each simulation for the three study designs  

mean PA1 PB1 PA2 PA2
scenario i 1 0.85 0.95 0.70 0.80

scenario ii 1 0.75 0.90 0.50 0.60

scenario iii 1 0.75 0.95 0.50 0.60

scenario iV 2 0.85 0.95 0.70 0.80

scenario V 2 0.85 0.95 0.70 0.70

mean observed mean number of polyps per patient
PA1 percentage of polyps detected with  technique A during first examination 
PB1 percentage of polyps detected with  technique B during first examination
PA2 percentage of polyps detected with  technique A  during second examination 
PB2 percentage of polyps detected with  technique B during second examination
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resulTs

Parallel randomized design (design 1)

To explain our simulations and the results in more detail, each study design is illustrated by 

showing the intermediate results from one randomly selected, single simulation out of the 

1000 simulations. The simulation example in table 2 is derived from scenario 1 using study 

design 1. In this example a sample size of 200 is used, meaning that 100 patients were ran-

domized to examination by technique A (with a true detection rate of 85%) and 100 patients 

by the new technique B (with a true detection rate of 95%).

To test whether more polyps were detected in the group examined with the new technique 

B, the non-parametric Wilcoxon statistic was used. In this particular example, the result was 

a non-significant p-value of 0.59. This is a typical value for the parallel randomized design in 

this scenario because the power of a parallel design with a sample size of 200 is only 10%. 

To achieve a power of 80%, the total sample size would have to be as high as 3,980 (table 5, 

first row).

Randomized cross-over with removal of polyps (design 2)

The same scenario is now applied in a study using a randomized cross-over design with 

removal of polyps (design 2). The results of a single simulation are described in table 3. The 

conditional detection capacity (i.e. as observed in the second round) of technique A was 

assumed to be 70% and 80% for technique B.

In this design, the ratio of the number of polyps detected in the first round divided by 

the total number of detected polyps in both rounds were calculated for each study arm. A 

higher ratio indicates that the initial technique has better detection capabilities. A chi-square 

test was used to test for a difference in the two proportions. In comparison with the parallel 

randomized design in the same scenario with a similar sample size, the result with this design 

was significant with a p-value of 0.015. To obtain a power of 80% with this design a sample 

size of 280 was required (table 5, first row).

Table 2 Simulation example of study design I in scenario 1* (sample size n=200)

# of polyps technique A (n=100) technique B (n=100)
0 49 46

1 27 28

2 16 12

3 5 14

≥4 3 0

Total 86 94

mean #  per patient 0.86 0.94 p-value: 0.59
* scenario 1: Observed mean number of polyps per patient =1
 Detection rate of  technique A during first examination =0.85
 Detection rate of  technique B during first examination =0.95
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Randomized cross-over without removal of polyps (design 3)

The results of this design when applied in the same scenario are summarized in table 4. In 

design 3, each detected polyp is either detected by one technique only (thus missed by the 

other) or detected by both techniques. The results of the 200 patients can be summarized 

in a 2*2 table where a difference in detection capabilities will generate higher numbers of 

discordant results (e.g. missed by one technique, detected by the other). The difference in 

discordant results was analyzed by the McNemar test for paired observations, leading to a 

p-value of 0.0027. Power was further increased in comparison to study design 2 because this 

is a true paired analysis on each detected polyp. To obtain 80% power with this design in this 

scenario, 125 patients would be required (table 5, first row).

Table 4 Simulation example of study design 3 in scenario I* (sample size n=200)

Detected technique B
Not detected 
technique B

Detected technique A 153 14 167

Not detected technique A 35 1 36

188 15 203 p=0.0027
* scenario 1: Observed mean number of polyps per patient =1
 Detection rate of  technique A during first examination =0.85
 Detection rate of  technique B during first examination =0.95

Sample size required for each study design

The final results of all our simulations are summarized in table 5. For each study design, all five 

scenarios were repeated a 1000 time across a range of sample sizes and the sample size that 

produced a significant result in about 80% of the simulations is reported. In many scenarios, 

study design 1 required 10 to 15 times more patients to reach the same statistical power 

of 80% compared to study design 2. Further reductions in sample size could be achieved if 

study design 3 was performed.

Results of the two additional scenarios in which there was no difference in detection rate 

between technique A and technique B are described in table 6a & 6b. In the simulations of 

Table 3 Simulation example of study design 2 in scenario I* (sample size n=200)

study arm 
A1 - B2

study arm 
B1 – A2

p-value

total number of polyps 102 101

# polyps first inspection 86 94 0.59
# missed first inspection 16 7

# polyps second inspection 12 3

# polyps missed by both    techniques 4 4

ratio (polyps first round /  polyps first + 
second round)

86/(86+12) = 88% 94/(94+3) = 97% 0.015

* scenario i: Observed mean number of polyps per patient =1
 Detection rate of  technique A during first examination = 0.85
 Detection rate of  technique B during first examination =0.95
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these two scenarios we report the number of significant results when using a total sample 

size of 200 and 800. The frequency of significant results (type I error) was close to the ex-

pected nominal value of 5% in both scenarios for all three study designs.

Discussion

The current study reports on three study designs that are frequently used in detection stud-

ies of novel endoscopic techniques. Our results illustrate that a cross-over study design with 

direct removal has greater power to identify differences in polyp detection compared with 

the randomized parallel design. In many scenarios, the randomized parallel design required 

10-15 times more patients than the cross-over design with direct removal to reach the same 

statistical power of 80%.

In the randomized parallel design the expected number of polyps will, on average, be the 

same in both study arms. Therefore, results are unbiased, meaning that if such a trial would 

be repeated many times, the average result would be similar to the true effect. In a single trial, 

however, the number of polyps at baseline can differ between the two arms just by chance. 

Table 5 Required sample size (in bold) to achieve 80% power per study design per scenario

Scenario
Mean no of 
polyps per 

patient

Detection rate of technique A and B during 1st and 
2nd inspection

Sample size per study design

PA1 PB1 PA2 PB2 1 2 3

I 1 0.85 0.80 0.95 0.70 3980 280 125
II 1 0.75 0.60 0.90 0.50 1500 230 98
III 1 0.75 0.60 0.95 0.50 930 130 50
IV 2 0.85 0.80 0.95 0.70 2400 145 70
V 2 0.85 0.70 0.95 0.70 2400 180 70

Table 6a Frequency of type 1 error (as %) when detection rate of both techniques is
assumed equal and total sample size n=200

Scenario
Mean no of 
polyps per 

patient

Detection rate of A and B during 1st 
And 2nd inspection

Study design

PA1 PB1 PA2 PB2 1 2 3

I 1 0.85 0.85 0.70 0.70 5.2% 5.6% 3.9%
II 2 0.85 0.85 0.70 0.70 5.9% 6.1% 6.5%

Table 6b Frequency of type 1 error (as %) when detection rate of both techniques is
assumed equal and total sample size n=800

Scenario
Mean no of 
polyps per 

patient

Detection rate of A and B during 1st 
and 2nd inspection

Study design

PA1 PB1 PA2 PB2 1 2 3

I 1 0.85 0.85 0.70 0.70 5.5% 5.2% 4.6%
II 2 0.85 0.85 0.70 0.70 4.1% 5.5% 5.7%
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Such differences have a strong impact on the final results because the presence of more pol-

yps at baseline directly means that more polyps can be detected in that arm. Even though the 

number of polyps in patients at baseline may partially be predicted by patient age, gender, 

and indication, imbalances in the number of polyps at baseline cannot be avoided as the 

presence of polyps in patients is not fully understood.34, 35 Consequently, results from one trial 

to another will vary just because of random noise, and sample sizes need to be sufficiently 

large to overcome this noise and detect true differences in detection capacity.

The sequential design with fixed order is often being used to reduce the noise that is 

generated by an imbalance of polyp numbers at baseline.13, 20, 23, 36, 37 In this design technique 

A is applied first in all patients and detected polyps are removed. Subsequently, a second 

examination is performed with technique B in all patients (generally the novel technique) to 

assess whether it can detect additional polyps. However, if indeed the underlying question 

is whether the novel technique should be added to the existing technique, a more informa-

tive design would have two arms using the conventional technique at first and randomizing 

between technique A and B for the second examination.

A more efficient study design to compare two techniques is the randomized cross-over 

trial.24-28 This design greatly increases the power to detect a difference for two reasons. First, 

the technique with the better detection ability in the first round is likely to also detect a 

larger proportion of initially missed polyps in the second round. Therefore, information from 

the second inspection can strengthen the results from the first inspection. Second, patients 

in each arm have been examined by both techniques, making the total number of polyps 

detected (the denominator) a good reflection of the number polyps present at baseline. This 

means that the impact of differences in the number of polyps at baseline between the two 

arms (i.e. random noise) is reduced. Our simulations showed that the increase in statistical 

power with this study design is large, reducing the number of required patients. Further-

more, this design enables the evaluation of the characteristics of missed polyps, revealing 

which types of polyps are more difficult to detect for one technique compared to the other.

The strength of a true cross-over study design without removal is that each patient can 

serve as his own control (paired analysis).15, 29 To perform a paired analysis, patients need to 

be in similar health status at the start of the first and second part of the study, which does 

not occur if polyps are removed during the first examination. Therefore, a true cross-over 

design requires that polyps are only removed during or even after the second examination. 

Our simulations showed that such a paired comparison had the greatest statistical power of 

all three study designs. However, several other adjustments are required to obtain a valid 

paired comparison. First, two endoscopists are required for each technique who should be 

blinded for each other’s findings. Second, polyps detected during the first inspection must 

be left in situ, providing an opportunity for detection during the second inspection. Third, 

each individual polyp should be matched between the two successive examinations. Last, 

patients whose polyps are detected by the first examination which are missed during the 
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second need a third examination to remove these polyps. Because of its impracticality, only 

a few detection studies have used this design.15, 29 Rather, the cross-over design with removal 

of lesions has substantially less practical limitations while its statistical power is still much 

greater than the parallel randomize design.

In addition to the selection of a study design, other factors should be taken into account 

which can interfere with observed results. First, the quality of bowel preparation, which 

can be measured quantitatively using classification schemes, is known to influence polyp 

detection rate.38-41 Second, the level of the experience of participating endoscopists, which is 

associated with polyp detection rates, may vary greatly between endoscopists.42 A third in-

terfering factor is examination time, which has shown to be associated with polyp detection 

rates as well. Fourth, some patient characteristics such as age and indication of colonoscopy 

are associated with the prevalence of polyps.35,  43 Last, surveillance intervals of previously 

performed colonoscopies should also be equally divided amongst patients in the two study 

arms. In case differences in detection quality are found between two techniques, these ought 

not to be attributed to the abovementioned confounding factors, which can be balanced by 

stratification or use of the cross-over design.

In conclusion, we showed that the statistical power of the randomized parallel to detect 

differences in detection capabilities between techniques is low. Researchers should care-

fully consider whether the cross-over design can be used instead. The cross-over design has 

much greater power, although it may be more cumbersome for patients, endoscopists, and 

researchers. Finally, reporting possible confounders is obligatory in detection studies and 

detected differences in outcome measures should not be attributed to these confounders.
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ABsTrAcT

Background & aims

Patients with ulcerative colitis (UC) who have undergone a restorative proctocolectomy (RPC) 

with an ileo-pouch anal anastomosis (IPAA) may still be at risk of developing dysplasia in their 

IPAA. A recent systematic review suggested that dysplasia identified before or at operation is 

a significant predictor of the development of dysplasia in the IPAA. The aim of this prospec-

tive study was to assess the prevalence of dysplasia in the IPAA of patients with UC who have 

undergone RPC and demonstrated dysplasia in their resection specimen.

Methods

Eligible patients were invited for surveillance endoscopy of their IPAA. The afferent and blind 

ileal loop, ileoanal pouch and rectal cuff were examined by standard endoscopy followed by 

chromoendoscopy. Mucosal abnormalities were sampled and random biopsies were taken 

from the afferent and blind ileal loop, pouch and rectal cuff.

Results

44 patients (25 male, mean 49 yrs) underwent pouch-endoscopy. The mean time between 

RPC and pouch surveillance was 8.6 years.

Dysplasia was detected through standard endoscopy in two patients (4.5%). In one patient 

low-grade dysplasia was detected in the rectal cuff. In a second patient low-grade dysplasia 

was detected in random biopsies in the pouch and blind ileal loop.

Conclusion

The risk of developing dysplasia in the pouch or rectal cuff of patients with UC and dysplasia 

in their resection specimen is limited. Also, the added value of chromoendoscopy for the 

detection of dysplasia is limited. Until the significance of low-grade dysplasia in the pouch is 

proven, the benefit of routine pouch surveillance is uncertain.



33

Advancements in colorectal imaging

ch
ap

te
r 3

inTroDucTion

Long-standing ulcerative colitis (UC) increases the risk of developing colorectal dysplasia 

and cancer.1 When multifocal dysplasia or cancer in the colitic colon is found, restorative 

proctocolectomy (RPC) with ileal pouch-anal anastomosis (IPAA) is the preferred treatment.

After surgery, patients may still be at risk of developing dysplasia. Although several cases 

of dysplasia and adenocarcinoma arising in the pouch and rectal cuff have been reported, 

it remains unclear to what extent patients are at risk of developing dysplasia in their pouch 

or rectal cuff.2-7 Incidence rates in studies vary from 0.6% in a diverse group of patients with 

an IPAA to 71% in a small group of selected patients.4, 8 This discrepancy in prevalence may 

reflect differences in sample size or clinical diagnostic criteria. As a result, there is no pouch 

surveillance guideline and suggested initiation of surveillance differs greatly in time.9-12

In order to allow identification of a subgroup of patients with an IPAA who might require 

surveillance, risk factors need to be identified that account for the development of dysplasia 

in the pouch. Several risk factors are thought to increase the risk of developing dysplasia in 

the pouch or rectal cuff: long-standing pouchitis, dysplasia or carcinoma in the resection 

specimen and primary sclerosing cholangitis.5-7, 12, 13 A systematic review demonstrated that 

dysplasia or carcinoma in the resection specimen was the only significant predictor for the 

development of dysplasia in the pouch and advocated a surveillance programme that takes 

this risk factor into account.14 Similarly, a recently published large cohort study including a 

total of 3203 UC patients with an IPAA concluded that a preoperative diagnosis of dysplasia 

or cancer of the colorectum is the only risk factor for pouch dysplasia, demonstrating a 

cumulative incidence of 4.2% at 20 years after restorative proctocolectomy.15 Furthermore, 

the authors of this study stated that the current gold standard, endoscopy with biopsy, failed 

to detect the majority of pouch dysplasia that might have preceded cancer in their patient 

population.

Most studies examining patients with an IPAA use standard white light endoscopy. To our 

knowledge, there have only been two studies using chromoendoscopy in pouch surveil-

lance, both in patients with familial adenomatous polyposis.16, 17 In the study by Friederich 

et al the combined use of conventional and chromoendoscopy led to a higher detection 

of adenomas compared to using conventional endoscopy alone.16 Chromoendoscopy has 

shown to increase the detection of dysplasia in patients with inflammatory bowel disease in 

several studies, but has never been subjected to research in pouch surveillance of patients 

with IBD.18-21

The aim of the current study was to assess the prevalence of dysplasia in the IPAA of 

patients with IBD who demonstrated dysplasia or carcinoma in their resection specimen as 

shown to be the only significant predictor for dysplasia in the pouch in a recent systematic 

review.14 Furthermore, we evaluated the added value of chromoendoscopy in the detection 

of dysplasia in the pouch.
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mATeriAls AnD meThoDs

All patients with UC who underwent RPC at the Academic Medical Centre at the University 

of Amsterdam between 1988 and 2008 were screened for demonstrating indefinite for dys-

plasia, dysplasia or carcinoma in the histopathology of their resection specimen. Eligible 

patients were invited by mail and contacted two weeks later by a research nurse to plan 

endoscopy. Exclusion criteria were: non-correctable coagulopathy that precludes taking 

biopsies (international normalized ratio >2, or platelet count <90*109), age ≤ 18 years or an 

inability to obtain informed consent.

Data concerning age, sex, concurrent PSC, previous episodes of pouchitis, indication of 

proctocolectomy, type of anastomosis, the type of dysplasia in the resection specimen, age 

at onset and duration of UC before proctocolectomy were recorded. Pouchitis was defined as 

an episode of symptoms (e.g. increased bowel movements) with endoscopic and histopatho-

logical evidence, for which antibiotics were prescribed.

All patients were prepared by 1L macrogol solution (Moviprep) on the morning of sur-

veillance endoscopy of the ileoanal pouch. Just before the procedure, patients received an 

additional enema.

With a standard video endoscope (GIF-Q160 or CF-Q160, Olympus Medical Systems Europe, 

Hamburg, Germany) all segments (the afferent ileal loop, the blind loop, the pouch and rectal 

cuff ) were investigated with white light endoscopy and biopsies of mucosal abnormalities 

were taken. Biopsies from the rectal cuff were taken with the endoscope in retrospective 

view. Hereafter, the mucosa of all segments was sprayed with methylene blue (0.1%) using 

a spray catheter and the mucosa was inspected for a second time. After targeted biopsies of 

every mucosal abnormality, 4 additional random biopsies were taken from each segment. All 

participating endoscopists were staff member at our Department and had experience with 

chromoendoscopy in the colon for dysplasia surveillance in longstanding UC. Furthermore, a 

dedicated research-fellow was present during all procedures.

Histopathology of the biopsies in the ileal pouch was assessed by an expert gastrointesti-

nal pathologist (SvE) according to the revised Vienna criteria, ranging from no intraepithelial 

neoplasia to invasive neoplasia.22 Slides were examined to confirm the presence of columnar 

cuff mucosa in case of biopsies from the rectal cuff. In case of indefinite for dysplasia or 

dysplasia a second expert gastrointestinal pathologist assessed histopathology to confirm 

the diagnosis. The histological diagnosis of all biopsies was used as the reference standard 

diagnosis.

Statistical analysis

Descriptive statistics were used to characterize the study population. SPSS for Windows 

software (Chicago, IL, USA) version 15.0.1 was used for analysis.
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resulTs

Patient characteristics

Between 1988 and 2008, 290 patients with inflammatory bowel disease (IBD) underwent re-

storative proctocolectomy in the Academic Medical Centre in Amsterdam. Sixty-four of these 

patients had indefinite for dysplasia, dysplasia or carcinoma in their resection specimen and 

were eligible for inclusion. These patients were invited for pouch surveillance endoscopy. 

Fourty-four patients participated. Of the 20 non-participants, 6 patients had deceased, 4 

patients had undergone pouch excision, 5 patients were lost to follow-up, 3 patients had 

emigrated and 2 patients refused participation. Characteristics of non-participants are de-

scribed in table 1.

Between January 2008 and July 2009 all 44 included patients underwent pouchoscopy. The 

mean age (25 male, 57%) was 49.3 years (SD 11.1). Characteristics of all included patients are 

described in table 2.

Two experienced colonoscopists performed 32 procedures. The remaining 12 procedures 

were performed by 8 other experienced colonoscopists. No adverse events occurred.

Endoscopic findings

During standard endoscopy 25 lesions were detected in 12 patients; 12 in the afferent loop, 8 

in the blind loop and 5 in the rectal cuff. One of the 25 biopsies showed low-grade dysplasia 

(LGD) and was taken from an adenoma-like lesion in the rectal cuff.

During chromoendoscopy, 14 additional lesions were detected in 9 patients; 8 in the af-

ferent loop, 2 in the blind loop, 3 in the pouch and 1 in the rectal cuff. None of the biopsies 

showed dysplasia.

Table 1: characteristics non-participants

excluded patients (n=20)
Irretrievable
N=5

Deceased
N=6

Irradically resected rectumcarcinoma
Cholangiocarcinoma
Multiple myeloma
Pancreas carcinoma
Pulmonary carcinoma
Peritoneal carcinomatosis secondary to coloncarcinoma

Pouch excision
N=4

Irradically resected rectumcarcinoma (T2N0M0)
Recurrent abscess
Recurrent pouchitis
Recurrent ileus secondary to adhesions after conversion to Crohn’s disease

Refusal
N=2

Emigration
N=3



Chapter 3

36

A total of 672 random biopsies were taken (4x4 random biopsies per patient). Due to 

severe inflammation, no random biopsies were taken in 8 segments of 6 patients. Three out 

of 672 random biopsies demonstrated LGD (0,45%). Two biopsies (1 in the blind loop and 1 

in the pouch) were from the same patient, the third random biopsy (rectal cuff ) was from the 

patient who also demonstrated LGD in an adenoma-like lesion in his rectal cuff.

Thus, in 2 out of 44 patients (4.5%) biopsies revealed LGD. The resection specimen of the 

first patient showed indefinite for dysplasia and during pouchoscopy LGD was detected in 

both an adenoma-like lesion and in a random biopsy in the rectal cuff. He was planned for 

follow-up 3 months later for resection of 3 lesions in the rectal cuff that initially remained in 

situ. All three lesions were also adenomas with LGD. Follow-up 3 months after therapy did 

not show dysplasia. The resection specimen of the second patient demonstrated multifocal 

Table 2: characteristics included patients

Patient characteristics (n=44)
Mean age - yr (SD)
Male n (%)
Primary Sclerosing Cholangitis
≥ 1 episode(s) of pouchitis

49.3 (11.1)
25 (56.8%)
3 (6.8%)
17 (39%)

Anastomosis handsewn
stapled

3 (6.8)
41 (93.2%)

Indication of IPAA inflammation
dysplasia
carcinoma

27 (61.4%)
7 (15.9%)
10 (22.7%)

Histopathology resection specimen IFD*
LGD
HGD
Carcinoma

13 (29.5%)
12 (27.3%)
8 (18.2%)
11 (25.0%)

Disease duration** - yr (SD) 12.8 (10.0)

Pouch duration - yr (SD) 8.6 (5.7)

* IFD: indefinite for dysplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia
** From time of diagnosis until pouch surgery

Table 3: characteristics of patients demonstrating dysplasia in their IPAA

Patient 1 Patient 2
Histopathology resection specimen IFD Diffuse LGD and focal HGD

Disease duration (yrs)* 18.2 15.7

Primary Sclerosing Cholangitis No No

≥ 1 episode(s) of pouchitis Yes Yes

Pouch duration** (yr) 4.7 17.3

Stapled vs. handsewn Stapled Stapled

Histopathology biopsy LGD LGD

Location Rectal cuff Blind loop and pouch

Random vs. targeted Targeted and random Random

* From time of diagnosis until pouch surgery
** From time of pouch surgery until pouch endoscopy
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LGD and focal HGD and during consecutive pouchoscopy LGD was demonstrated in random 

biopsies of the mucosa of the blind loop and in the pouch which was detected again upon 

follow-up at 6 months. Biopsies taken at follow-up at 12 months showed indefinite for dys-

plasia in the pouch and afferent loop. This patient is kept under close surveillance and pouch 

resection will be considered in the event of detecting high-grade dysplasia. Characteristics of 

both patients are shown in table 3.

Discussion

Patients with UC who have undergone RPC with an IPAA could be at risk of developing dys-

plasia in their IPAA. The exact risk of developing dysplasia remains unknown despite several 

studies.3-5,  12,  14,  23-25 As a consequence, there is no clear evidence that pouch surveillance is 

beneficial which therefore cannot be strongly recommended.26 In the current study LGD was 

detected in the ileal pouch of one patient and LGD in the rectal cuff of another patient, result-

ing in a 4.5% yield of endoscopic surveillance for the detection of dysplasia, which was not 

increased through the use of chromoendoscopy.

When dysplasia in the ileal pouch or rectal cuff is found, its predictive value remains 

unknown and recommended surveillance intervals differ greatly between centres. The ret-

rospective study by Kariv et al. concluded that the risk for dysplasia and carcinoma is small 

but real and recommended intensified surveillance in a subgroup of patients.15 In contrast, 

Thompson et al. concluded that surveillance of pouches for dysplasia is not indicated be-

cause the risk of dysplasia progressing to cancer is thought to be extremely small.27 Some 

authors have also concluded that the risk of malignant transformation of dysplastic mucosa 

seems to be small and that even high-grade dysplasia can revert to normality with time.24 

Similar conversions have been described in the cervix with some cases reverting to normal 

histology.28 This conversion might be a result of the poor agreement shown in inter-observer 

studies of pathologists regarding dysplasia in IBD.29, 30

Other authors argue initial diagnosis of dysplasia is occasionally an overdiagnosis, which 

could also explain why cases with dysplasia occasionally revert to normal histology.28 There-

fore, the natural history of dysplasia in patients with IBD, particularly low-grade, remains 

uncertain and there is little agreement on the optimal strategy.31, 32 For patients who dem-

onstrate low-grade dysplasia in the pouch, the optimal treatment also remains unknown. 

Mucosectomy with pouch advancement seems to be the recommended treatment upon 

consecutive findings of low-grade dysplasia or progression to high-grade dysplasia.5, 6

In the current study, one of the two patients demonstrating LGD reverted to normal 

histology after resection of adenomas that were detected in the rectal cuff. The remaining 

rectal cuff where dysplasia can arise can be a possible disadvantage of the double-stapled 

procedure that the majority (93%) of patients in this study underwent. However, even with a 
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handsewn ileoanal anastomosis, complete eradication of mucosa cannot reliably be achieved 

and remnants of residual mucosa can occur in up to 20 percent of cases after mucosectomy.33 

The second patient who demonstrated LGD in random biopsies in the ileal pouch reverted to 

indefinite for dysplasia after one year. This latter reversion could be a result of the concurrent 

pouchitis at initial diagnosis which complicated histopathological assessment, even though 

both gastrointestinal histopathologists agreed on the diagnosis.

Previous studies have shown that long-standing pouchitis is a potential risk for neoplastic 

transformation in the pouch, although this was neither confirmed in the systematic review 

nor in the large cohort study by Kariv et al.4, 12, 14, 15 Patients at risk of developing long-standing 

pouchitis can be identified through histological assessment within months after closure of 

the ileostomy.34 A possible shortcoming of our study is the incomplete clinical definition 

of pouchitis that was used. In our patient population pouchitis was defined as an episode 

of symptoms (e.g. increased bowel movements) with endoscopic and histopathological 

evidence, for which antibiotics were prescribed. As our clinical definition of pouchitis was 

limited, the contribution of long-standing pouchitis to the development of dysplasia in the 

current study is unknown. Another possible shortcoming is the somewhat high number of 

endoscopists who participated in the current study. Although this could have contributed to 

variation in the number of lesions detected per patient, we believe this variation is minimal 

in pouch endoscopy for the simple reason that the amount of mucosa needing inspection 

is small compared with colonoscopy. Similarly, the inclusion of patients demonstrating 

indefinite for dysplasia (IFD) in their resection specimen can be questioned. However, our 

study was based on the results of the systematic review by Scarpa et al. who included all pa-

tients with any dysplasia in their resection specimen.14 Furthermore, since IFD is considered 

a preneoplastic change, we believe this group of patients should be included. Lastly, as all 

patients underwent one endoscopy of the pouch and there has been no long-term follow-up, 

conclusions regarding the cumulative risk of dysplasia in the pouch or rectal cuff cannot be 

drawn from our results.

To evaluate a possible added value of chromoendoscopy to standard white light endos-

copy, we performed a second inspection of the pouch with chromoendoscopy, resulting 

in 14 additional detected lesions. Although this was a considerable number of additional 

lesions, none of these showed dysplasia. Therefore, the added value of chromoendoscopy in 

the pouch of patients with UC appeared limited in our study.

In conclusion, there is a risk of developing dysplasia in the pouch and rectal cuff in patients 

with UC and dysplasia in their resection specimen. Our study suggests this risk is limited. Fur-

thermore, the benefit of routine surveillance remains to be proven in this group of patients, 

as the significance of low-grade dysplasia in the pouch is not clear. More data from larger 

cohorts are needed for risk assessment which could more precisely predict the chance of 

developing dysplasia in the pouch.
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ABsTrAcT

Background & aims

Endoscopic Tri-modal Imaging (ETMI) is a novel endoscopic technique combining high-

resolution endoscopy (HRE), autofluorescence imaging (AFI) and narrow band imaging (NBI), 

and has only been subjected to research in expert settings. This randomized controlled trial 

compared ETMI with standard video endoscopy (SVE) for the detection and differentiation of 

colorectal lesions in a non-academic setting.

Methods

Patients were randomized for ETMI or SVE and underwent a back-to-back colonoscopy. In the 

ETMI group, first inspection was done with HRE followed by AFI. In the SVE group, inspection 

was performed twice with SVE. All detected lesions in the ETMI group were differentiated 

with AFI and NBI.

Results

A total of 234 patients were included and randomized. In the ETMI group, 87 adenomas were 

detected during the first inspection with HRE and an additional 34 adenomas were found 

during second inspection with AFI. In the SVE group, 79 adenomas were detected during 

the first inspection and 33 additional adenomas during second inspection. Adenoma detec-

tion rate between the two groups was not significantly different (ETMI: 1.03 vs. SVE: 0.97, p= 

0.360). Adenoma miss-rates of HRE and SVE were 29% and 28%, respectively.

Sensitivity, specificity and accuracy of NBI for differentiating adenomas from non-adeno-

matous lesions were 87%, 63% and 75%, respectively. Corresponding figures for differentia-

tion with AFI were 90%, 37% and 62%.

Conclusion

In a non-academic setting, ETMI did not improve the adenoma detection rate compared 

with SVE. Both NBI and AFI had high sensitivities and low specificities in the differentiation 

of colonic lesions.
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inTroDucTion

Colonoscopy is considered the gold standard for the detection of premalignant lesions that 

are thought to progress into colorectal carcinoma (CRC) following a sequence of events. With 

the detection and removal of adenomas, a substantial reduction in the expected risk of CRC 

can be achieved.1, 2 However, it is estimated that up to 26% of small adenomas are missed 

during colonoscopy.3 Furthermore, differentiation of detected lesions can be difficult and 

many lesions lacking malignant potential are removed without benefit to the patient, as a 

result of increased time and risks associated with the removal of these lesions.4, 5

Several novel endoscopic imaging techniques have been developed which may improve 

detection and differentiation of gastrointestinal lesions, such as narrow band imaging (NBI) 

and autofluorescence imaging (AFI). Previous studies have failed to demonstrate an improved 

detection of neoplasia in the colon by using NBI, whereas its value for differentiation of co-

lonic lesions has proven to be associated with high sensitivity and specificity in experienced 

hands.6-11 Concerning the potential of AFI to improve detection and differentiation of colonic 

lesions, a small number of studies have been performed showing mixed results.12, 13

Recently, high-resolution endoscopy (HRE) has been combined with AFI and NBI in a single 

endoscope with 2 charge-coupled devices, a combination termed endoscopic tri-modal 

imaging (ETMI). For the purpose of this system, HRE and AFI can be used as a detection tech-

nique whereas NBI can serve for differentiation. AFI can furthermore function as an additional 

detection modality on top of HRE by means of improving the adenoma detection rate.

Nearly all previous studies evaluating NBI and AFI have been performed in expert cen-

tres.6, 8-10, 13 As a consequence, these studies often include a selected patient population and 

are performed by a small number of endoscopists with extensive experience in advanced 

clinical imaging. In order to evaluate the true value of these techniques, randomized con-

trolled trials in daily clinical practice in a non-academic setting are needed.

To establish whether ETMI improves the detection of colorectal neoplasia compared with 

standard video endoscopy (SVE) in regular clinical practice, we conducted a randomized trial 

of back-to-back colonoscopies comparing ETMI with SVE in six non-academic centres in the 

Amsterdam region. We also evaluated the additional value of AFI by means of improving 

the adenoma detection rate. Finally, the diagnostic accuracy for differentiation of colorectal 

lesions with AFI and NBI was determined.

meThoDs

Patients

This study was performed in six non-academic centres in the Amsterdam region and patients 

scheduled for colonoscopy in one of the centres were screened for participation. Inclusion 
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criteria were: age > 18 years, surveillance because of a history of adenomatous polyps, a 

history of colorectal cancer (CRC) for which a partial colectomy was performed, hereditary 

non-polyposis colorectal cancer (HNPCC) or patients with a positive family history for CRC 

according to the revised Bethesda criteria.14 Exclusion criteria were: poor bowel preparation, 

polyposis syndrome, a history of inflammatory bowel disease, the presence of conditions 

precluding histological sampling of the colon (e.g. coagulation disorders, anticoagulant ther-

apy) or inability to proceed the colonoscopy due to either mechanical obstruction, a painful 

colonoscopy or an adverse event. Eligible patients were invited to participate in this study 

for which written informed consent was needed. Patients were randomly allocated at a 1:1 

ratio to ETMI or SVE using block randomization with varying block sizes of 4-8. This study was 

approved by the medical ethical committees of all participating centres (ISRCTN64206478).

Endoscopic Equipment

In the SVE group, colonoscopy was performed with a standard-resolution, standard (140°) 

videocolonoscope (Olympus Q140 or Q160, Olympus Europe, Hamburg, Germany). In the 

ETMI group, colonoscopies were performed with the ETMI system (Evis Lucera, Olympus Inc., 

Tokyo, Japan). The light source (Lucera, Olympus Inc) contains two rotating red-green-blue 

filters; one conventional for white light and one additional for NBI, in which the band pass 

ranges have been narrowed to certain wavelengths (green 530-550 nm and blue 390-445 

nm). A high-resolution colonoscope (CF-H240FZL, magnification 100x) was used, containing 

two charge coupled devices: one for HRE/ NBI and one for AFI. In the AFI mode, blue light 

(390-470 nm) is used for excitation and green light (540-560nm) for reflection. The endosco-

pist can easily switch between the three imaging modes by pressing a button on the shaft of 

the endoscope.

Endoscopic procedure

All patients were prepared by 4L of polyethylene glycol solution (Kleanprep; NorgineGmbH, 

Marburg, Germany) or 2L of polyethylene glycol solution containing ascorbic acid (Moviprep; 

NorgineGmbH, Marburg, Germany). Prior to the colonoscopy, subjects were randomized by 

means of a randomization envelope that was opened. In each patient the whole endoscopic 

procedure (either HRE-AFI or SVE-SVE) was performed by the same endoscopist who could 

not be blinded to the imaging intervention. Colonoscopy was performed under conscious se-

dation with midazolam and/or fentanyl. The colonoscope was advanced to the cecum using 

HRE or SVE and upon reaching the cecum, the amount of bowel preparation was determined 

as good (100% mucosa visible), moderate (>90% mucosa visible) or poor (<90% mucosa vis-

ible, even after extensive cleaning). Patients with poor bowel preparation were subsequently 

excluded.

After introduction, each colonic segment (ascending, transverse, descending, recto-

sigmoid) was inspected twice. In the ETMI arm, first inspection was done with HRE and the 
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second with AFI. In order to resemble inspection in the ETMI arm, each colonic segment was 

inspected twice with standard endoscopy in the SVE arm. Special attention was paid not to 

withdraw the endoscope further during second inspection compared to the first inspection. 

In case of a very winding colon or an unrecognizable hepatic/splenic flexure, a biopsy was 

taken at the end of the first inspection as reference.

Endoscopists

All colonoscopies were performed by 8 endoscopists from 6 non-academic centres who 

had each performed over 2000 colonoscopies. All endoscopists were instructed to perform 

meticulous inspection and to inspect the colon at least 6 minutes during both examinations. 

Prior to the start of the study, all endoscopists had performed a minimum of ten colonosco-

pies with ETMI and received a systematic training including the assessment of colour during 

AFI and the assessment of the Kudo classification during NBI. The endoscopists previously 

participated in a study evaluating NBI and AFI during Barrett surveillance as well as in a study 

assessing differentiation of colonic lesions with NBI and AFI.15, 16

Measurements

Intubation and inspection time (excluding cleansing, biopsies and polypectomies) were 

recorded for each technique with a stopwatch by a dedicated research nurse. All detected 

lesions were recorded for size, location and macroscopic Paris classification.17 The size of each 

lesion was estimated using a biopsy forceps when fully opened. All detected lesions in the 

ETMI group were differentiated with NBI and AFI. During NBI, magnification was used at the 

discretion of the colonoscopist and lesions were scored real-time for Kudo pit pattern. Le-

sions with Kudo pit pattern I-II were considered non-adenomatous and lesions with Kudo pit 

pattern III or higher were considered adenomatous. During AFI, lesions were scored real-time 

for colour (green, ambiguous or purple) in which lesions coloured green were considered 

non-adenomatous and lesions that coloured purple or ambiguous were considered adeno-

matous. After detection and subsequent assessment with NBI and AFI, all detected polyps 

were removed. Therefore, detected lesions during the second inspection were missed during 

the first inspection. Lastly, the accuracy of a previously developed algorithm of NBI and AFI 

was assessed post-hoc.15 In this algorithm, all AFI-purple lesions and AFI-ambiguous lesions 

with Kudo III-V (NBI) were regarded as adenomas. AFI-green lesions and AFI-ambiguous le-

sions with Kudo I-II (NBI) were regarded as non-adenomatous.

Histopathology

Biopsies were processed and stained using standard methods, and evaluated by a patholo-

gist who was blinded for the endoscopic technique used. Neoplasia was defined according 

to the Vienna criteria as either low grade or high grade.18 Lesions diagnosed as sessile ser-

rated adenoma were regarded as non-adenomatous for analysis. An advanced adenoma was 
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defined as one that was ≥ 1cm, had tubulovillous or villous histological features or high grade 

intraepithelial neoplasia. The highest grade of neoplasia obtained from any polypectomy 

specimen during the procedure was used as the final diagnosis in each patient.

Outcome measures

The primary outcome measures of this study were the number of adenomas detected in each 

arm (SVE vs. ETMI) and the number of patients in each arm with at least one adenoma.

Secondary outcomes were the number of adenomas detected during first inspection with 

HRE versus SVE, the adenoma miss-rates of HRE (second inspection with AFI) and SVE (second 

inspection with SVE) and the diagnostic accuracy of NBI and AFI for predicting neoplasia.

Statistics

Normal distributed data were described with the mean and the standard deviation, data with 

a skewed distribution were described using the median and the inter-quartile range. Means 

and medians were compared with the independent sample T-test and Wilcoxon Ranksum test, 

respectively, and proportions were compared with the chi-square test. Logistic regression 

analysis was performed to estimate the effect size of clinicopathological characteristics of 

lesions on adenoma miss-rate, expressed in odds ratio and 95% confidence interval (95% CI).

The sensitivity and specificity of NBI and AFI for differentiating adenomatous from non-

adenomatous lesions was assessed by comparison with histopathology which was used as 

the reference standard diagnosis. The accuracy of NBI, AFI and the algorithm of NBI and AFI 

were compared with McNemar’s test for paired data. The part of the manuscript on diagnos-

tic accuracy of NBI and AFI was reported according to the STARD statements for diagnostic 

accuracy studies.19

Sample size

The sample size calculation was based on a previous study that demonstrated a mean num-

ber of detected adenomas of 0.36 per patient per colonoscopy.20 A 30% increase in detection 

rate with ETMI was set as clinically relevant. Power was set at 80% with a significance level of 

5%. The calculated sample size was therefore 234 patients.

resulTs

Patient characteristics

Between July 2007 and February 2010, 258 patients gave informed consent and underwent 

colonoscopy of which 24 were excluded; 15 patients were excluded because of poor bowel 

preparation, 6 because of technically difficult and painful colonoscopy, 2 because of a me-

chanical obstruction and 1 due to bradycardia (figure 1).
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Out of the 234 included patients, 118 underwent colonoscopy in the ETMI group and 116 

in the SVE group. The average insertion time was 10.02 min (range 1.19 – 35.15 min) in the 

ETMI group and 8.23 min (range 2.30 – 23.45 min) in the SVE group (p=0.021). Insertion time 

was not significantly different between endoscopists (p=0.621). No adverse events occurred. 

Characteristics of included patients are described in table 1. Except for the inspection time 

being significantly longer in the ETMI group during both first (7.06 min. vs. 6.18 min., p=0.025) 

and second inspection (7.34 min. vs. 6.06 min., p<0.001), there were no significant differences 

in patient characteristics between the two groups.

Four of the 8 participating endoscopists performed over 25 colonoscopies, the other four 

performed less than 25 (range 12- 78).

258 patients randomized

Allocated to SVE group (n=126) 
Excluded (n= 10)
6 poor bowel preparation
3 painful and difficult colonoscopy
1 mechanical obstruction

Included (n=116)
First examination: SVE
Second examination: SVE 

Assessed for eligibility (n=258)

Allocated to ETMI group (n=132)
Excluded (n=14)
9 poor bowel preparation
3 painful colonoscopy
1 mechanical obstruction
1 bradycardia

Included (n=118)
First examination: HRE
Second examination: AFI

Figure 1: flow diagram of patient inclusion

Table 1 Characteristics of included patients

characteristics included patients
SVE (n= 116) ETMI (n= 118) p value

male n (%) 67 (58%) 61 (52%) 0.352
mean age yrs (SD) 59 (14) 59 (14) 0.960
indication
 Polyp surveillance 59 49 0.259
 CRC surveillance 10 14

 HNPCC 7 10

 Family history CRC 40 45

colon preparation
 Good 71 81 0.233 
 Moderate 45 37 

median interval to previous endoscopy, yrs (IQR) 2.3 (0.6 – 3.7) 2.6 (0.9 – 4.8) 0.459
inspection time -min (SD)

 First session 6.18 min (2.44) 7.06 min (2.41) 0.025 
 Second session 6.06 min (2.33) 7.34 min (2.41) <0.001 
Patients with previous colectomy 11 13 0.715
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Adenoma detection per group

In the ETMI group, 87 adenomas were detected in 42 patients during first inspection with 

HRE, of which 46 were advanced adenomas (table 2). During the second inspection with 

AFI, another 34 adenomas were detected in 25 patients, of which 12 were advanced. Nine 

patients had adenomas detected during the second examination with AFI only. The adenoma 

miss-rate of HRE when a second inspection was done with AFI was 28.1% (95% CI: 20.8-36.7) 

and the advanced adenoma miss-rate was 20.7% (95% CI: 12.3-32.8).

Table 2 Comparison of polyp- and adenoma detection rate per group

Number of detected lesions per examination per group and number of patients with detected lesions per examination per group

eTmi (I:HRE, II:AFI) sVe (I:SVE, II:SVE) p value
No of polyps i* 184 199 0.786

ii (%)** 72 (28.1%) 100 (33.4%) 

Patients with polyp(s) i (%) 68 73 0.407
ii (%) 41 (37.6%) 55 (43.0%) 

No of adenomas i 87 79 0.360
ii (%) 34 (28.1%) 33 (29.5%) 

Patients with adenoma(s) i (%) 42 45 0.613
ii (%) 25 (37.3%) 23 (33.8%) 

No of advanced adenomas i 46 33 0.447
ii 12 (20.7%) 14 (29.8%) 

Patients with advanced i 26 21 0.453
Adenoma(s) ii (%) 10 (27.8%) 14 (40.0%) 

No of carcinomas i 3 7 0.188
ii (%) 0 (0%) 0 (0%) 

Patients with carcinoma i 3 7 0.187
ii (%) 0 (0%) 0 (0%) 

In the SVE group, 79 adenomas were detected in 45 patients during the first inspection, 

of which 33 were advanced adenomas (table 2). During the second inspection another 33 

adenomas were detected in 23 patients, of which 14 were advanced adenomas. Nine patients 

had adenomas in the second examination with SVE only. The adenoma miss-rate of SVE was 

29.5% (95% CI: 21.8-38.5) and the advanced adenoma miss-rate was 29.8% (95% CI: 18.7-44.0).

The mean number of adenomas detected during both examinations with ETMI was 1.03 

(SD 1.75) and 0.97 (SD 1.52) with SVE, which was not significantly different (p=0.360). Dur-

ing the first examination only, the mean number of adenomas detected with HRE was 0.68 

(SD 1.20) and 0.74 (SD 1.43) with SVE, which was not significantly different either (p=0.360). 

Size, shape and location of missed adenomas were not significantly different between the 

two groups; p=0.695, p= 0.125 and p=0.876, respectively. Missed polyps and adenomas are 

described per size group in table 3.
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Overall polyp and adenoma characteristics

Overall, 555 lesions were detected in 161 patients during both inspections, of which 25 were 

lost for histology and excluded for analysis. A total of 233 adenomas were detected, of which 

105 were advanced. Size was significantly associated with adenoma miss-rate, with larger 

adenomas (≥ 10mm) being missed less often than small adenomas (< 10 mm) (OR 0.41; 95% 

CI: 0.17 – 0.97). Shape (flat vs. protruded) and location (proximal vs. distal) was not signifi-

cantly associated with adenoma miss-rate; OR 0.92 (95% CI: 0.48 -1.76) and OR 0.86 (95% CI: 

0.48 – 1.53), respectively.

Small advanced adenomas (< 10 mm) were significantly more often missed than large 

advanced adenomas (OR 0.32; 95% CI: 0.12 – 0.90). Shape or location was not significantly 

associated with advanced adenoma miss-rate; OR 0.87 (95% CI: 0.30 – 2.54) and OR 0.75 (95% 

CI: 0.31 – 1.85), respectively.

Out of the 26 missed advanced adenomas, 6 were large (≥ 10 mm) and the remaining 20 

were advanced as a result of histopathology (16 tubulovillous adenomas with LGD, 3 villous 

adenomas with LGD and 1 villous adenoma with HGD).

Diagnostic accuracy of NBI and AFI for differentiation

A total of 256 lesions were detected in the ETMI group and subsequently classified with AFI 

for colour and with NBI for Kudo pit pattern. The endoscopist was unable to classify with NBI 

in 18 lesions and with AFI in 17 lesions. Sensitivity, specificity and accuracy of NBI were 87% 

(95% CI: 80-92), 63% (95% CI: 54-71) and 75% (95% CI: 69-80), respectively (table 4a). Cor-

responding figures for AFI were 90% (95% CI: 83-94), 37% (95% CI: 29-45) and 62% (95% CI: 

56-68) (table 4b). Sensitivity of AFI and NBI were not significantly different (p=0.797). Specific-

ity (p<0.001) and accuracy (p=0.001) were significantly higher with NBI compared with AFI.

Furthermore, the accuracy of a previously developed algorithm of NBI and AFI was as-

sessed.15 In the current study sensitivity, specificity and accuracy of this algorithm were 88% 

(95% CI: 81-93), 58% (95% CI: 49-67) and 73% (95% CI: 67-78), respectively (table 4c). The 

algorithm contained 14 false negatives, of which 13 were green on AFI and 51 false positives 

of which 41 were purple on AFI. The accuracy of the algorithm was significantly higher than 

Table 3

lesion miss-rate, % (95% ci)
0-4 mm eTmi (i:hre, ii:Afi)5-9 mm ≥ 10 mm

sVe eTmi sVe eTmi sVe eTmi

Non-adenoma
37.3%

(29.4-46.0)
34.9%

(25.6-45.7)
33.3%

(21.0-48.4)
18.2%

(8.6-34.4)
31.2%

(15.4-54.0)
15.8%

(5.5-37.6)

Adenoma
29.5%

(19.6-41.9)
39.3%

(27.6-52.4)
32.4%

(19.1-49.2)
23.7%

(13.0-39.2)
23.5%

(9.6-47.3)
11.1%

(3.9-28.1)

Advanced 
adenoma*

50.0%
(28.0-72.0)

43.8%
(23.1-66.8)

16.7%
(4.7-49.1)

23.1%
(8.2-50.3)

23.5%
(9.6-47.3)

11.1%
(3.9-28.1)

* = Advanced adenoma defined as adenoma ≥ 1 cm, with villous histologic features or with high-grade dysplasia
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the accuracy of AFI alone (p=0.001) but not significantly better than the accuracy of NBI alone 

(p= 0.571).

Discussion

The current study reports on the potential of ETMI in the detection of adenomas compared 

to SVE in a non-academic setting. Many endoscopic studies on advanced imaging of the 

colon are performed in tertiary centres, and there is a need to ascertain if these new imag-

ing techniques improve detection and differentiation of colonic lesions in the community 

and non-specialised settings.8, 10, 12, 13, 21-26 Our results demonstrate that ETMI did not improve 

adenoma detection rate compared with SVE, despite a significantly longer inspection time 

which is known to positively influence adenoma detection rate.27 Moreover, AFI proved to 

have no additional value compared to SVE by means of increasing adenoma detection.

During the first examination, no difference in adenoma detection rate was found between 

SVE and HRE which is in concordance with several prospective studies including one ran-

Table 4a Correlation of NBI and histopathology

histopathology
nBi neoplastic non-neoplastic

Kudo ≥ III 101 45
ppv

69.2%

Kudo I, II 15 77
npv

83.7%

sensitivity 87.1% specificity 63.1% 238

ppv: positive predictive value, npv: negative predictive value

Table 4b Correlation of AFI and histopathology

histopathology
Afi neoplastic non-neoplastic

(light) purple 104 78
ppv

57.1%

green 12 45
npv

78.9%

sensitivity 89.7% specificity 36.6% 239

Table 4c Correlation of algorithm of NBI + AFI and Histopathology

histopathology
nBi + Afi neoplastic non-neoplastic

suspicious 101 51
ppv

66.4%

not suspicious 14 71
npv

83.5%

sensitivity 87.8% specificity 58.2% 237
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domized trial that have also failed to show a higher adenoma detection rate using HRE.28-31 

In contrast, a recent retrospective study from the Mayo Clinic Jacksonville found a higher 

adenoma detection rate with high-definition colonoscopy compared to standard white light 

endoscopy.32 Although this study appears well controlled in many regards, it is limited by its 

retrospective nature in which data such as inspection time could not be collected.

During the second examination, no additional improvement in adenoma detection rate 

with AFI was obtained compared with SVE. Previously, a number of studies assessing the 

value of AFI as a primary detection modality have shown conflicting results.12,13 A recent 

study by Ramsoekh et al using autofluorescence endoscopy (AFE), a modality similar to 

AFI although utilizing fibre optic endoscopy instead of video endoscopy, demonstrated a 

significant improvement in the detection of adenomas in a high-risk group of patients.33 Even 

though this study was well executed, the mean withdrawal time was significantly longer dur-

ing AFE, which could be a potential source of bias. Further studies assessing the potential of 

autofluorescence as a primary detection modality are warranted, although the results of our 

study suggests that AFI does not have an additional value in a non-academic setting.

The adenoma miss-rate in our study was substantial without any significant difference 

between the two arms, despite the fact that patients with poor bowel preparation were 

excluded and inspection time was more than 6 minutes in most colonoscopies. The majority 

of the missed large adenomas (≥ 10 mm) was flat (71%) and situated in the proximal colon 

(86%), factors that are known to be associated with a higher miss-rate.5,  34,  35 Miss-rate for 

large adenomas per arm ranged from 11% (3/27) in the ETMI arm up to 19% (4/21) in the SVE 

arm, which is above the reported 95%-confidence interval of 1-8% missed large adenomas 

described in a systematic review.3 Since all studies included in this systematic review were 

conducted in an academic setting, our high miss-rate of large adenomas might reflect true 

clinical practice.

Effective CRC prevention has also been closely related to the detection and removal of 

advanced adenomas. Patients with advanced neoplasia are more likely to develop interval 

advanced lesions and cancer compared with patients who did not have advanced lesions 

at baseline colonoscopy.1,  36 Miss-rates for advanced adenomas in our study ranged from 

20.7% in the ETMI arm to 29.8% in the SVE arm. Again, this is higher than previously reported 

miss-rates of advanced adenomas, ranging from 5.7% to 11% in recently conducted trials.5, 10 

Our findings of a rather high miss-rate for advanced adenomas could be a result of the fact 

that 55% of all advanced adenomas were small tubulovillous adenomas. Because histopa-

thology was not subjected to central review, overreading of advanced histology could have 

occurred.37 Even so, when this group of small tubulovillous adenomas was not considered 

to be advanced, overall miss-rate for advanced adenomas would decrease to 14.6% which is 

still somewhat higher than a recently conducted trial including 294 patients in 11 centres.5 

Possibly, endoscopists in an academic setting, who are often more extensively trained and 

specialized in performing colonoscopies, miss less lesions.
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Concerning the differentiation between adenomatous and non-adenomatous lesions, both 

NBI and AFI had a high sensitivity but a low specificity in our study. Ideally, the sensitivity 

of modalities that aid in differentiation of colonic lesions approaches to 100%, in order not 

to leave any adenomas in situ. Consequently, a high sensitivity is considered more impor-

tant than a high specificity in differentiating lesions. In the current study, NBI and AFI had 

a sensitivity of 87% and 90%, respectively, which is deemed clinically unacceptable, as ap-

proximately 10% of all detected adenomas would be left in situ.

The accuracy of NBI alone obtained in this study appears relatively low when compared to 

literature, demonstrating a higher accuracy with NBI, including a systematic review showing 

an accuracy of 89% (95% CI: 87-91%).6-8,  24,  38,  39 However, the majority of these studies dif-

ferentiated lesions post-hoc and not real-time as we did, which could explain for our lower 

accuracy. The few studies that differentiated real-time with NBI also found a higher accuracy 

of NBI compared to our results, but these studies included a small number of expert endosco-

pists.8, 40 Interestingly, a previous study that included the same endoscopists as in the current 

study showed a similar accuracy with NBI of 70%.15 Therefore, the level of experience of the 

endoscopists could also have contributed to the accuracy in our study.

An algorithm of NBI and AFI that previously led to maintaining the high sensitivity of AFI 

(96%) together with an acceptable specificity of 69% proved to be unsatisfactory in the current 

study due to a number of reasons. Firstly, sensitivity of the algorithm was lower than that of 

AFI alone because a number of lesions considered ambiguous during AFI were differentiated 

incorrectly as non-adenomatous during NBI. Secondly, the majority (76%) of lesions incorrectly 

differentiated as adenomas during AFI were considered purple and therefore not differenti-

ated with NBI. As a consequence, specificity of the algorithm showed to be only 58%. Although 

this was significantly better than the specificity of AFI alone, it is still lower than the specificity 

found in our previous study. Again, this may be a result of our real-time differentiation.

A potential shortcoming of the current study is the minimal number of 10 endoscopies 

that were performed by the participating endoscopists prior to the start of the study, which 

could be considered too little. Although there have been no previous studies on the learning 

curve for detection with AFI, we believe 10 endoscopies were sufficient for our endoscopists 

to optimize their detection skills with AFI, especially since all endoscopists received a teach-

ing session for the differentiation of lesions with AFI and NBI and had personal experience 

with ETMI in upper gastrointestinal endoscopy. Recent studies have shown that a teaching 

session improves the diagnostic ability and that a high accuracy can be achieved.41, 42 Another 

potential shortcoming could be that 17.5% of included patients were high-average risk (CRC 

surveillance, HNPCC) who could have disproportionally contributed to adenoma detection 

and miss-rate of (advanced) adenomas. When we excluded this group of patients, however, 

detection and miss-rate of both adenomas and advanced adenomas did not alter (results not 

shown). Lastly, the design of our study does not enable us to address the potential of NBI to 

improve adenoma detection, since NBI was used as a differentiation modality only.
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Nearly all studies evaluating new imaging modalities in colonoscopy have been performed 

in expert centres. Before these modalities become widely available, their value needs to 

be assessed in non-expert settings also. Because this study was conducted real-time and 

amongst non-academic endoscopists, we believe our results reflect regular clinical practice. 

In conclusion, ETMI did not improve the adenoma detection rate compared to SVE in a 

non-academic setting. We also demonstrated that a substantial number of adenomas were 

being missed by both SVE and HRE and the additional value of AFI on top of HRE to improve 

adenoma detection was unsatisfactory. Regarding the differentiation of colonic lesions, both 

AFI and NBI had a high sensitivity but a low specificity. Although an acceptable threshold for 

accuracy of differentiation of colonic lesions is not fixed, the accuracy of AFI and NBI in this 

study was deemed insufficient for clinical use.
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ABsTrAcT

Background & aims

When small colorectal lesions are accurately characterized, adenomas can be removed and 

discarded without formal histopathology. Previous studies in an academic setting showed 

that many lesions can be managed accurately based on their endoscopic image (optical 

diagnosis). We assessed the accuracy of optical diagnosis in a non-academic setting using 

high-resolution endoscopy (HRE) and narrow-band imaging (NBI).

Methods

During colonoscopy one of three non-academic endoscopists characterized small lesions 

and declared whether this was done with low or high confidence. In case of high confidence, 

the endoscopist decided whether lesions should be removed and discarded or whether they 

could be left in situ. Furthermore, a surveillance interval was recommended on-site.

Results

Out of 215 participating patients, 108 patients were included who demonstrated 281 small 

lesions. Of these, 231 were differentiated with high confidence using HRE or NBI with a 

corresponding sensitivity of 77.0 (95% CI: 68.4-83.8) and a specificity of 78.8% (95% CI: 70.6-

85.2). Of these, 164 lesions were assigned to be removed and 67 assigned to remain in situ 

including 9 adenomas. In 54 patients a surveillance interval could be recommended on-site, 

which proved to be in line with Dutch guidelines in 44 patients.

Conclusions

Even though many lesions were characterized with high confidence, optical diagnosis in a 

non-academic setting proved to be disappointing with a sensitivity of 77.0% and a specificity 

of 78.8%. Many lesions were accurately assigned to be removed or remain in situ, although 

few adenomas were assigned to remain in situ. Also, 19% of on-site recommendations for a 

surveillance interval proved to be inaccurate.
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inTroDucTion

Over the past years several endoscopic imaging techniques have been developed in order 

to improve characterisation of colorectal lesions. Accurate characterisation of small lesions 

(<10mm) can result in adenomatous lesions to be removed and hyperplastic polyps in the 

rectosigmoid to remain in situ, reducing the risks associated with the removal of these le-

sions.1 More importantly, removed lesions will not have to be sent for formal histopathology. 

As most detected lesions during colonoscopy are small, this strategy of resect and discard 

would result in more efficient and cost-effective colonoscopies.2-4

While standard white light endoscopy has shown to be associated with a limited accuracy, 

more advanced techniques such as chromoendoscopy and narrow-band imaging (NBI) are 

associated with a high accuracy in expert hands.5-11 Accuracy can be increased even further 

through the introduction of confidence levels, which implies that the endoscopist differenti-

ates a lesion while designating a confidence level (i.e. high or low).7, 12 By doing so, lesions that 

are differentiated with low confidence are removed and sent for histopathology while high 

confidence lesions are managed on their endoscopic image alone (optical diagnosis). Recent 

studies have shown that a substantial number of lesions could be accurately managed with 

optical diagnosis.7, 12 Furthermore, accurate surveillance intervals based on optical diagnosis 

were recommended in a high number of patients.7

The abovementioned surveillance strategy based on optical diagnosis appears suitable 

for incorporation in future guidelines but has only been assessed in an academic setting. 

This study aimed to assess the accuracy of optical diagnosis in a non-academic setting, using 

high resolution endoscopy (HRE) and NBI. Furthermore, the accuracy of surveillance intervals 

recommended on-site was assessed.

meThoDs

Patients

This study was performed in two non-academic centres in the Amsterdam region (Kennemer 

Gasthuis in Haarlem and Onze Lieve Vrouwe Gasthuis in Amsterdam). Eligible patients were 

invited to participate in this study, which is registered at the Netherlands Trial Registry (NTR 

2795). Patients were eligible when they underwent colonoscopy because of adenomatous 

polyp surveillance, colorectal cancer surveillance, a positive family history or symptoms. 

Patients were excluded when they had poor bowel preparation, polyposis syndrome, cancer 

detected during colonoscopy, lesions >9mm only or a history of inflammatory bowel disease.
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Endoscopic equipment

All colonoscopies were performed using a non-sequential (EXERA II, Olympus Medical Sys-

tem, Tokyo, Japan) endoscope containing NBI. The video colonoscope (EXERA CF-H180 AL, 

Olympus, Tokyo, Japan) contains a ‘color chip’ or color CCD technology. During NBI, a narrow-

band light filter is placed in front of the lamp located in the light source. The endoscopist can 

easily switch between the two imaging modes of HRE and NBI.

Endoscopic procedure

All patients were prepared by 4L of polyethylene glycol solution or 2L of polyethylene 

glycol solution containing ascorbic acid (Kleanprep and Moviprep; NorgineGmbH, Marburg, 

Germany). After introduction into the cecum, the endoscopist assessed the quality of bowel 

preparation as good (able to achieve 100% vision), moderate (greater than 90% visualization) 

or poor (less than 90% visualization). Patients were excluded in case of poor bowel prepara-

tion.

Location, size and morfology (Paris classification) of all detected lesions were noted.13 The 

size of each lesion was estimated using an open biopsy forceps. All lesions with a size of 

10mm or greater were excluded for analysis. Each detected lesion was examined with HRE 

first and the endoscopist predicted histopathology while stating whether he had low confi-

dence (and would thus send the polyp for histopathology) or high confidence. In case of high 

confidence, the endoscopist stated whether he would resect and discard the lesion or leave 

it in situ. Subsequently, all lesions were examined with NBI for determination of the Kudo 

pit pattern.14 Again, the endoscopist stated whether characterisation was done with high or 

low confidence. Finally, the endoscopist made a recommendation for a surveillance interval 

based on endoscopic characterisation alone.

Endoscopists

All procedures were performed by 3 endoscopists (JJ, WM, EvS) who had each performed 

over 2000 colonoscopies and do not use NBI on a daily basis. Each endoscopist previously 

participated in two studies evaluating NBI.15,  16 In the first study they received a short sys-

tematic training on NBI before assessing 100 NBI images post-hoc. In the second study each 

endoscopist characterized lesions real-time. Prior to the start of the current study, each 

endoscopist received a short training on characterisation with NBI, consisting of ten images 

displaying each Kudo classificiation.

Histopathology

All biopsies were processed using standard procedures and the histopathologist was blinded 

to the endoscopic findings. Each lesion was sent for histopathology in a separate specimen 

jar. Histopathology was classified according to the Vienna criteria of gastrointestinal epithe-

lial neoplasia.17 The histological diagnosis of all biopsies was used as the reference standard 
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diagnosis. For the purpose of analysis, all sessile serrated lesions (SSL) were considered non-

adenomatous.

Outcome measures

The primary outcome measure was the accuracy of optical diagnosis, (i.e. diagnostic accuracy 

in small lesions characterized with high confidence using either HRE or NBI). Secondary out-

come measures were (I) the percentage of lesions differentiated with high confidence using 

either HRE or NBI and (II) the percentage of patients in whom recommended surveillance 

interval could be made on-site as well as its corresponding accuracy.

Statistical analysis

Statistical analyses were performed using a statistical software package (Statistical Package 

for the Social Sciences 12.0.1; SPSS Inc, Chicago, Ill). Normal distributed data were described 

with the mean and standard deviation, data with a skewed distribution were described us-

ing the median and the inter-quartile range. Sensitivity and specificity of HRE and NBI were 

assessed by comparison with histopathology which was used as the reference standard 

diagnosis and reported according to the STARD statements for diagnostic accuracy studies.18 

Proportions were compared with the chi-square test. The accuracy of HRE and NBI were 

compared with McNemar’s test for paired data.

Sample size

Sample size was defined for lesions differentiated with high confidence, which was 84% for 

non-expert endoscopists in the DISCARD trial.7 The sample size calculation was based on the 

study by Rex et al, in which 54% of all detected lesions smaller than 10mm were adenomatous 

(49% in lesions smaller than 5mm and 59% in lesions 6-9 mm in size).19 A successful endo-

scopic protocol was defined as a sensitivity of 87% with a lower limit of the 95% confidence 

interval set at 82%.20 The calculated sample size was 272 polyps.

resulTs

Patient characteristics

Between September 2010 and September 2011, 215 eligible patients underwent colonos-

copy. No adverse events occurred. A total of 107 patients were excluded because they did 

not meet the inclusion criteria (figure 1). Characteristics of included patients are described 

in table 1.
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Lesion characteristics

A total of 308 lesions were detected in the 108 included patients. Of these lesions, 27 were 

excluded because they were larger than 9mm (n=22) or lost for histopathology (n=5). The 

281 included lesions had a median size of 4 mm (IQR 3-6), 74 (26%) were flat in morfology 

(Paris 0-IIa, 0-IIb) and 142 (51%) were located proximal to the splenic flexure. Histopathology 

showed 36 lesions with normal histology, 9 inflammatory polyps, 91 hyperplastic polyps, 4 

sessile serrated lesions and 141 adenomas. None of these lesions demonstrated high-grade 

dysplasia or carcinoma on histopathology.

215 patients undergoing colonoscopy

107 patients excluded:
no lesions (n=71)
poor bowel preparation (n=11)
synchronous carcinoma (n=11)
all lesions ≥10mm (n=10)
colonoscopy ceased (painful) (n=4)

57 patients surveillance interval on-site
(optical diagnosis in all lesions)

51 patients (optical diagnosis not made in all lesions):
≥ one lesion low confidence level (n=33) 
≥ one lesion larger than 9mm (n=16)
≥ one lesion lost for PA (n=2)

108 patients included

Figure 1: flow diagram of patient inclusion

Table 1 Characteristics of included patients

included patients (n=108)
male n (%) 62 (57%)

mean age yrs (SD) 62 (12)

indication
 Symptoms 66 

 Polyp surveillance 23 

 Family history CRC 12 

 CRC surveillance 7 

colon preparation
 Good 73 

 Moderate 35 
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Confidence level differentiation of lesions

Of the 281 included lesions, 178 (63%) were characterized with high confidence during 

HRE, while 231 (82%) lesions were characterized with high confidence using NBI. All lesions 

that were characterized with high confidence using HRE were characterized similarly and 

with high confidence also using NBI. Sensitivity, specificity and accuracy per modality are 

described in table 2.

Table 2 Sensitivity, specificity and accuracy per modality

hre All lesions (n=281) high confidence (n= 178)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

72.5 (64.5-79.2)
79.7 (72.2-85.6)
76.1 (70.7-80.7)

79.0 (68.9-86.5)
84.5 (76.1-90.4)
82.0 (75.7-87.0)

nBi (Kudo) All lesions (n=281) high confidence (n= 231)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

69.7 (61.7-76.7)
74.5 (66.6-81.0)
72.0 (66.5-76.9)

75.2 (66.4-82.4)
76.0 (66.9-83.2)
75.6 (69.4-80.9)

Algorithm (hre/nBi) high confidence (n=231)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

77.0 (68.4-83.8)
78.8 (70.6-85.2)
77.9 (72.1-82.8)

An algorithm of HRE and NBI (i.e. lesions differentiated with high confidence by either one 

of the modalities) included all 231 lesions and its sensitivity, specificity and accuracy is de-

scribed in table 2. Of the 231 lesions, 164 were assigned to be discarded of which 29 proved 

to be hyperplastic polyps situated in the rectosigmoid. No proximally situated lesions were 

assigned to remain in situ by any of the endoscopists. Of the remaining 67 lesions assigned 

to remain in situ, 9 demonstrated to be adenomatous on histopathology.

In 54 of the 108 patients all lesions were characterized with high confidence and a surveil-

lance interval could be recommended on-site. After histopathology was obtained, 44 (81%) 

of these recommendations proved to be in line with Dutch guidelines. Nine (17%) patients 

had a longer interval recommended after histopathology while one (2%) patients had a 

shorter interval recommended after histopathology. Each patient with an incorrect surveil-

lance interval is described in table 3.

Accuracy per observer

More than half of all included lesions (n=145) was characterized by one endoscopist while 

the other two endoscopist characterized 93 and 43 lesions, respectively. The endoscopist 

who characterized most lesions also characterized them with high confidence significantly 

more often compared with the other two (77% vs. 40% and 53%, p<0.001). Accuracy between 

endoscopists for high confidence lesions did not differ significantly (p=0.461).
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There was no significant difference in accuracy between the first and second half of the 

study for any of the endoscopist; endoscopist 1 (p=0.475), endoscopist 2 (p=0.287) and 

endoscopist 3 (p=0.111).

Discussion

The current study reports on optical diagnosis of small colorectal lesions in a non-academic 

setting. As small adenomas carry a very small risk of developing into cancer, they can safely 

be removed and discarded without formal histopathology.19 Previously, studies performed 

in tertiary referral centres demonstrated that histopathology was safely dispensed in a large 

number of small colorectal lesions.7, 12 There is a need to ascertain that similar results can also 

be achieved in a non-academic setting before this strategy can be widely implemented. Our 

results illustrate that non-academic endoscopists felt they were able to characterise many le-

sions with high confidence using HRE or NBI. However, corresponding accuracy and accuracy 

of on-site recommended surveillance intervals were disappointing.

To our knowledge, the current study is the first to report on the strategy of optical diagno-

sis in a non-academic setting. Overall accuracy of lesions characterised with high confidence 

was moderate being 78% for an algorithm of HRE and NBI. A previously conducted study in 

our region amongst 8 non-academic endoscopists found a similar accuracy of 75% for char-

Table 3 Patients with a different surveillance interval based on optical diagnosis compared with histopathology

Age (yrs) sex indication 
colonoscopy

recommend surveillance interval 
optical Diagnosis

recommended surveillance interval 
histopathology

40 M Symptoms 6 years (1 hyperplastic polyp and 1 
adenoma)

10 years (2 hyperplastic polyps)

63 M Polyp surveillance 3 years (3 adenomas) 6 years (2 adenomas, 1 hyperplastic 
polyp)

81 M Symptoms 3 years (5 adenomas) 10 years (5 hyperplastic polyps)

63 M Symptoms 3 years (3 adenomas) 6 years (2 adenomas and one 
hyperplastic polyp)

53 F Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (2 hyperplastic polyps)

81 M Polyps surveillance 3 years (3 adenomas) 6 years (2 adenomas and one normal 
lesion)

70 F Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (1 hyperplastic polyps and 1 
inflammatory polyp)

55 M Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (2 hyperplastic polyps)

79 F Symptoms 6 years (2 adenomas and one 
hyperplastic polyp)

3 years (3 adenomas)

32 F Symptoms 10 years (2 hyperplastic polyps) 6 years (one adenoma and one 
hyperplastic polyp)
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acterising lesions with NBI.16 Another study amongst non-academic endoscopists found an 

accuracy of 85% using NBI for all lesions when characterised with high confidence, although 

this was achieved through post-hoc assessment of selected, high-quality images.15

While accuracy of NBI amongst non-academic endoscopists appears to be moderate at 

most, expert endoscopists have shown better results. A recently published study including 

more than 1200 lesions found an accuracy of 86.0% using NBI.21 The DISCARD study found 

an accuracy of 93% using a combination of white light and NBI.7 Similarly, accuracy for 

characterising colorectal lesions was 94% in the study by Rex.12 This seems to suggest that 

a high accuracy can be achieved with progressing NBI experience, which is confirmed by 

the significantly higher accuracy of experts in comparison with non-experts in the DISCARD 

study.7 Nevertheless, the learning curve of NBI and its duration remain to be determined. A 

number of studies have demonstrated NBI to have a short learning curve, implying accurate 

characterisation of colorectal lesions can be achieved within hours or even minutes.22-24 These 

have all been performed in a post-hoc setting, however. The learning curve of NBI for real-

time differentiation appears to be longer.25 Consequently, the moderate accuracy of NBI in 

our study may have been caused by the level of experience of the participating endoscopists. 

Despite participation in two previous studies, their level was lower compared with academic 

endoscopists who are more specialized in performing colonoscopies with new imaging tech-

niques. Also, the moderate accuracy could be explained by an insufficient NBI training given 

prior to the start of the study. Possibly, a more extensive and intensified training programme 

could have increased the accuracy. In this regard, it would be interesting to compare the 

accuracy of academic and non-academic endoscopists after such a training programme.

A remarkable finding of our study was the higher accuracy of HRE compared with the ac-

curacy of NBI for high confidence lesions. Even though this difference was not significant, it is 

opposite to several previous studies that demonstrate NBI to have a higher accuracy.9, 10, 26-28 

Again however, the expertise of endoscopists in these trials was higher in comparison to 

the endoscopists in our study. Also, each lesion in our study was initially evaluated with HRE 

followed by NBI. Because of this fixed order, the endoscopist could have been hesitant to 

make any change in the subsequent differentiation with NBI. This seems to be confirmed by 

the fact that less than 4% of lesions were differentiated differently with NBI after assessment 

with high confidence using HRE.

One of the basic requirements of optical diagnosis is for lesions to be correctly assigned 

(i.e. leave in situ or remove and discard). While endoscopists designated correct polyp man-

agement in the majority of lesions, a total of 9 adenomas were assigned to remain in situ. The 

size of these adenomas ranged between 1 and 3 mm, which may explain for their incorrect 

characterisation. Nevertheless, potential savings in workload and costs associated with opti-

cal diagnosis should by no means be accompanied by a higher risk of leaving premalignant 

adenomas in situ. Conversely, 29 hyperplastic polyps in the rectosigmoid were incorrectly 

characterized with high confidence as adenomas and consequently removed. However, the 
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Dutch guidelines do not cover the therapy of non-adenomatous polyps and as a consequence, 

there is no consensus on their endoscopic treatment. Even though all three endoscopists had 

a similar approach to the assignment of non-adenomatous lesions (i.e. only distally located 

lesions could remain in situ), this was not based on the Dutch Guidelines. Consequently, our 

results cannot not be regarded as a nationwide approach to this group of lesions.

A recommendation for follow-up could be made on-site in 54 patients of which 81% proved 

to be in line with Dutch guidelines.29 The Dutch guidelines do not take severity of dysplasia 

into account, but rely on the number of detected adenomas. In our study, 9 patients were 

given a shorter-than-recommended surveillance interval based on optical diagnosis while 1 

patient was given a longer interval with optical diagnosis. This means consecutive colonos-

copies in the first group would have been performed too early, while the interval would have 

been too long in the latter. Recently, an ASGE PIVI (Preservation and Incorporation of Valuable 

Endoscopic Innovations) was developed, in which any endoscopic technology was required 

to provide at least 90% agreement in assignment of post-polypectomy surveillance intervals 

when compared to decisions based on pathology assessment of all identified polyps, should 

diminutive polyps be resected and discarded without pathologic assessment.30 Agreement 

in our study was only 81%, although this number is derived from patients in whom both 

diminutive and small lesions were characterized with high confidence. Naturally, this level of 

agreement is a direct result of the moderate diagnostic accuracy with HRE and NBI in lesions 

differentiated with high confidence. Again, surveillance intervals could accurately be recom-

mended on-site in a higher number of patients once diagnostic accuracy is further improved.

In conclusion, our study demonstrates that the principle of optical diagnosis has a disapp-

pointing accuracy amongst non-academic endoscopists who use HRE and NBI. Furthermore, 

agreement between surveillance intervals recommended on-site and surveillance intervals 

based on pathologic assessment proved to be insufficient. As a consequence, this strategy 

cannot yet be recommended in a non-academic setting. Potentially, diagnostic accuracy of 

NBI amongst non-academic endoscopists could improve with more training and experience. 

Future studies assess whether optical diagnosis can safely be implemented in the community 

setting once non-academic endoscopists have finalized their NBI learning curve.
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ABsTrAcT

Background & aims

WavSTAT (Spectrascience, Inc., San Diego, CA, USA) is an optical biopsy system that differenti-

ates colorectal lesions in automated manner using the technique of laser-induced autofluo-

rescence. It can be particularly useful as an add-on technique for differentiation of lesions 

that are differentiated with low confidence during white light endoscopy (WL). The aim of 

this study was to assess the sensitivity, specificity and accuracy of an algorithm combining 

WL and WavSTAT. In this algorithm, overall accuracy was defined by WL in high confidence 

lesions and by WavSTAT in low confidence lesions.

Methods

Patients were included by one of 6 endoscopists when at least one colorectal lesion was 

detected during colonoscopy. Lesions suspicious for cancer were excluded. The endosco-

pist differentiated each lesion with WL and reported this as a low or high confidence call. 

Thereafter, all lesions were assessed with WavSTAT. All lesions were removed and sent for 

histopathology.

Results

A total of 164 eligible patients underwent colonoscopy of which 77 patients were excluded. 

The 87 included patients harboured 207 small colorectal lesions. Sensitivity, specificity and 

accuracy of WavSTAT were 85%, 59% and 74%, respectively. Corresponding figures of the al-

gorithm were 81%, 76% and 79%, respectively. A surveillance interval could be recommended 

on-site in 57 patients, which were in line with Dutch guidelines in 77% after histopathology 

was obtained.

Conclusion

WavSTAT has a high sensitivity and low specificity for differentiation of colorectal lesions. 

When compared with sensitivity and specificity of WL for all lesions, the algorithm of WL 

and WavSTAT improves sensitivity at the cost of a slightly lower specificity. Also, on-site 

recommendation of surveillance intervals based on the algorithm of WL and WavSTAT needs 

improvement.
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inTroDucTion

In recent years, advanced endoscopic imaging techniques have been developed to improve 

differentiation of colorectal lesions.1, 2 While standard white light endoscopy has shown to 

be associated with moderate accuracy, more advanced imaging techniques such as chro-

moendoscopy and narrow-band imaging (NBI) have been associated with higher diagnostic 

accuracies.3-11 Endoscopists need to become familiar with the use of such advanced tech-

niques and as a consequence, studies on advanced imaging techniques often involve expert 

endoscopists only.4, 5, 7-11

A number of previous studies have demonstrated that formal histopathology can be 

omitted in small colorectal lesions that were accurately managed on the basis of their en-

doscopic image alone (optical diagnosis).9,  12 The strategy of optical diagnosis implies that 

the endoscopist differentiates a lesion while designating a confidence level (i.e. low or high 

confidence). By doing so, lesions that are differentiated with low confidence are sent for his-

topathology while high confidence lesions are managed through optical diagnosis. Besides 

making colonoscopy more efficient and cost-effective, this strategy could also provide on-

site recommendation of surveillance intervals. Similar to most studies on advanced imaging 

however, optical diagnosis has been assessed mainly amongst expert endoscopists.9, 12

Recently, a new device incorporated in a standard biopsy forceps, named WavSTAT (Spec-

trascience Inc., San Diego, CA, USA), was developed. WavSTAT employs laser-induced auto-

fluorescence spectroscopy which is based on the observation that molecules absorb light 

and have native fluorescence qualities. The WavSTAT emits laser light that is absorbed by the 

targeted tissue, which subsequently emits light itself that is analyzed and serves as an opti-

cal ‘fingerprint’.13 Based on this fingerprint, the WavSTAT algorithm distinguishes between 

adenomatous and non-adenomatous tissue. WavSTAT results are standardized and displayed 

through a red (adenomatous) or green (non-adenomatous) signal and interpretation of its 

results is therefore not required. Consequently, accuracy for differentiation of lesions is not 

dependent on the experience of the endoscopist.

WavSTAT could be particularly useful as an additional tool in colorectal lesions that are 

endoscopically difficult to differentiate (i.e. differentiated with low confidence). In this regard, 

combining the strategy of optical diagnosis and WavSTAT could potentially result in omit-

ting formal histopathology in all small colorectal lesions. Furthermore, surveillance intervals 

could be recommended on-site in a high number of patients making follow-up consultation 

in the outpatient clinic superfluous.

The aim of the current study was to evaluate overall accuracy of the first generation 

WavSTAT for the differentiation of small colorectal lesions. Furthermore, its clinical value 

was assessed through an algorithm which was defined by the accuracy of high resolution 

endoscopy (HRE) in lesions that were differentiated with high confidence combined with the 

accuracy of WavSTAT in lesions that were differentiated with low confidence.



Chapter 6

80

PATienTs AnD meThoDs

Patients

Consecutive patients scheduled for colonoscopy in an academic centre and an affiliated, pri-

vate colonoscopy centre were screened for participation. Patients were considered eligible 

when they underwent colonoscopy because of polyp surveillance, colorectal cancer (CRC) 

surveillance, a positive family history for CRC or symptoms suspicious for CRC. Patients were 

excluded when they had a polyposis syndrome, a history of inflammatory bowel disease or 

the presence of conditions precluding histological sampling of the colon (e.g. coagulation 

disorders, anticoagulant therapy).14 Eligible patients were invited to participate in this study 

and included after written informed consent was obtained. This study is registered at the 

Netherlands Trial Registry (NTR 3235).

Endoscopic procedure

All colonoscopies were performed using a non-sequential (EXERA II, Olympus Medical Sys-

tem, Tokyo, Japan) endoscope with high-resolution (Olympus CF-H180 AL, Olympus, Tokyo, 

Japan). All procedures were performed by one of six endoscopists who were divided in two 

groups based on their level of experience; 3 trainees (>100 and <1000 colonoscopies) and 

3 experts (>2000 colonoscopies). In all patients the endoscope was first advanced into the 

cecum. The quality of the bowel preparation was assessed by the endoscopist using the 

Boston Bowel Preparation Scale. Patients scoring 4 or less points on this scale were excluded 

from the study.14 Patients were also excluded when CRC was detected during colonoscopy or 

when they demonstrated lesions ≥ 10mm only.

Location, size and shape (Paris classification) of all detected lesions were noted.15 The diam-

eter of each lesion was estimated using the WavSTAT biopsy forceps when fully opened. Each 

lesion with a maximum size of 9mm was included for analysis and subdivided in diminutive 

(≤5mm) or small (6-9mm). Subsequently, the endoscopist stated whether he had high confi-

dence or low confidence in differentiating the lesion as adenomatous or non-adenomatous 

based on the endoscopic image alone. In case of high confidence, the endoscopist was also 

asked whether he would leave the lesion in situ or remove and discard the lesion. Regardless 

of the confidence of the endoscopist, all lesions were assessed with the WavSTAT system and 

sent for histopathology. Finally, the endoscopist made a recommendation for a surveillance 

interval based on endoscopic characterisation alone according to the Dutch Guidelines.16

Histopathology

Histopathology of all biopsies was assessed by expert gastrointestinal pathologists using 

routine histological protocol. Histopathology was classified according to the Vienna criteria 

of gastrointestinal epithelial neoplasia, ranging from no intraepithelial neoplasia to invasive 

neoplasia.17 The histological diagnosis of all biopsies was used as the reference standard 
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diagnosis. For the purpose of analysis, all sessile serrated lesions (SSL) were considered 

adenomatous. Since SSLs are difficult to distinguish, even for gastrointestinal pathologists, 

findings on this subgroup are also described separately.18, 19

Outcome measures

The primary outcome measures were the overall accuracy of WavSTAT and the accuracy of an 

algorithm combining high-resolution endoscopy (HRE) and WavSTAT. In this algorithm, the 

accuracy of high confidence lesions using HRE was combined with low confidence lesions us-

ing WavSTAT. Secondary outcome measures were the accuracy of recommended surveillance 

intervals on-site and the difference in accuracy between trainees and experts.

Statistical analysis

Statistical analysis was performed using a statistical software package (Statistical Package 

for the Social Sciences 12.0.1; SPSS Inc, Chicago, Ill). Normal distributed data were described 

with the mean and standard deviation. Sensitivity and specificity of HRE and WavSTAT for 

differentiation of colorectal lesions was assessed by comparison with histopathology which 

was used as the reference standard diagnosis. Diagnostic accuracy was reported according 

to the STARD statements for diagnostic accuracy studies.20 Proportions were compared with 

the chi-square test and the accuracy of HRE and WavSTAT were compared with McNemar’s 

test for paired data.

Sample size

The sample size was calculated for the expected number of lesions that are differentiated 

with low confidence, which was 18% of all lesions in a study previously conducted by our 

research group.21 We defined an accuracy of 95% for WavSTAT as clinically acceptable with 

the lower limit of the 95% confidence interval set at 89%. The calculated sample size was 200 

polyps.

resulTs

Patient characteristics

Between March 2011 and January 2012 a total of 164 eligible patients underwent colonos-

copy and signed an informed consent. A total of 70 patients were excluded because they did 

not meet inclusion criteria (figure 1), including 7 patients who each demonstrated 1 lesion 

in which WavSTAT analysis could not be obtained. Characteristics of the 87 included patients 

(54 males, mean age 62 yrs) are described in table 1.
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Lesion characteristics

A total of 247 lesions were detected in the 87 included patients. Of these, 40 were excluded 

because they were lost for histopathology (n=5), size ≥ 10mm (n=20) or failed WavSTAT 

analysis (n=15). The 207 included lesions consisted of 171 (83%) diminutive lesions and 36 

(17%) small lesions. Their mean size was 4 mm (SD 1.9), 52 (25%) were flat in shape (Paris 0-IIa, 

0-IIb) and 108 (52%) were located proximal to the splenic flexure. Histopathology showed 

13 lesions with normal histology, 73 hyperplastic polyps, 14 sessile serrated lesions and 107 

adenomas. None of these lesions demonstrated high-grade dysplasia or invasive neoplasia.

164 patients undergoing colonoscopy

77 patients excluded:
No lesions (n=57)
Poor bowel preparation (n=3)
All lesions ≥10mm (n=3)
Colonoscopy ceased; painful (n=5)
Lost for PA (n=2)
Failed assessment WavSTAT (n=7)

Included lesions (n=207)

87 patients included (247 lesions)

Excluded lesions (n=40)
Polyp size ≥10mm (n=20) 
Failed assessment WavSTAT (n=15)
Lost for PA (n=5) 

Figure 1: flow diagram of patient inclusion

Table 1

included patients (n=87)
male n (%) 54 (62%)

mean age yrs (SD) 62 (9.6)

indication for colonoscopy
 Symptoms 51 

 Polyp surveillance 18 

 Family history CRC 11 

 CRC surveillance 7 

BBPs* median (IQR) 8.0 (6.0-9.0)

no of lesions median (IQR) 2.0 (1.0-4.0)

* BBPS: Boston Bowel Preparation Score
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Accuracy of WavSTAT

The overall sensitivity, specificity and accuracy of WavSTAT are described in table 2a. A total 

of 139 lesions were analyzed as adenomatous by WavSTAT and were consequently assigned 

to be removed. Of these, 21 proved to be hyperplastic polyps in the rectosigmoid. Of the 

remaining 68 lesions that were analyzed as non-adenomatous by WavSTAT, 29 were located 

in the rectosigmoid and assigned to remain in situ. Of these, 3 proved to be adenomatous on 

histopathology.

A surveillance interval could be recommended on-site in 57 patients because they har-

boured lesions smaller than 10mm only. Based on the analysis of WavSTAT alone, 42 (74%) 

of recommendations proved to be in line with Dutch guidelines after histopathology was 

obtained. The recommended surveillance interval on-site proved too short in 10 (18%) pa-

tients and too long in 5 (9%) patients.

Accuracy of the algorithm

Of the 207 included lesions, 136 (66%) lesions were differentiated with high confidence 

during HRE. The accuracy of HRE for high confidence lesions is described in table 2b. The 

accuracy of the algorithm for all lesions combining HRE and WavSTAT is described in table 2c.

A total of 119 lesions were differentiated as adenomatous using the algorithm and con-

sequently assigned to be removed and discarded. Of these, 11 were hyperplastic polyps in 

Table 2a: sensitivity, specificity and accuracy of WavSTAT in all lesions (n=207)

WavsTAT
sensitivity (%, 95 ci )
specificity (%, 95 ci)
negative predictive value (%, 95 ci)
Positive predictive value (%, 95 ci)
Accuracy (%, 95 ci)

85.3 (77.9-90.5)
58.8 (48.2-68.7)
73.5 (62.0-82.6)
74.8 (67.0-81.3)
74.4 (68.1-79.9)

Table 2b: sensitivity, specificity and accuracy of HRE in high confidence lesions (n=136)

hre
sensitivity (%, 95 ci )
specificity (%, 95 ci)
negative predictive value (%, 95 ci)
Positive predictive value (%, 95 ci)
Accuracy (%, 95 ci)

74.0 (63.3-82.5)
89.8 (79.5-95.3)
72.6 (61.4-81.5)
89.1 (79.1-94.6)
80.9 (73.5-86.6)

Table 2c: sensitivity, specificity and accuracy of algorithm in all lesions (n=207)

Algorithm
sensitivity (%, 95 ci )
specificity (%, 95 ci)
negative predictive value (%, 95 ci)
Positive predictive value (%, 95 ci)
Accuracy (%, 95 ci)

81.2 (73.3-87.1)
76.5 (66.4-84.2)
73.9 (63.8-81.9)
83.2 (75.5-88.6)
79.2 (73.2-84.2)
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the rectosigmoid. Of the remaining 88 lesions that were differentiated as non-adenomatous 

by the algorithm, 39 were assigned to remain in situ. Of these, 3 lesions demonstrated to be 

adenomatous on histopathology.

A surveillance interval could be recommended on-site in 57 patients and based on the 

algorithm, 44 (77%) of these proved to be in line with Dutch guidelines after histopathology 

was obtained. The recommended surveillance interval with the algorithm was too short in 5 

(9%) patients and too long in 8 (11%) patients.

Sessile serrated lesions

Of all polyps, 14 (7%) were SSLs and differentiated as adenomatous in 9 lesions using HRE and 

in 10 lesions using WavSTAT. If SSLs were considered to be non-adenomatous, accuracy of 

WavSTAT would decrease from 74% to 71% (p=0.18), while accuracy of the algorithm would 

decrease from 79% to 78% (p=0.79).

If SSLs were excluded, accuracy of WavSTAT would increase to 75% (p=0.96), while accuracy 

of the algorithm would increase to 81% (p=0.73).

Comparison of accuracies between each modality

Sensitivity of WavSTAT was significantly higher compared with sensitivity of HRE (p<0.001). 

Specificity of WavSTAT was significantly lower compared to specificity of HRE (p<0.001). The 

algorithm had a significantly higher sensitivity compared with HRE alone (p<0.01) while its 

specificity was significantly higher than WavSTAT alone (p=0.01).

Accuracy of experts vs accuracy of trainees

Sensitivity and specificity of HRE and WavSTAT per group of endoscopists (trainees vs. ex-

perts) are described in table 3. Accuracy of HRE in high confidence lesions amongst expert 

endoscopists was higher compared with trainees (p=0.05).

Table 3 Sensitivity and specificity of trainees and physicians

Trainees experts p value
Colonoscopies (all patients) 75 (46%) 89 (54%)

Colonoscopies (included patients) 35 (40%) 52 (60%)

No of included polyps 78 (38%) 129 (62%)

% High confidence lesions 47.4% 76.7% <0.001
Sensitivity HRE
Specificity HRE

52.1%
83.3%

74.3%
87.3%

0.012
0.618

Sensitivity HRE high confidence
Specificity HRE high confidence

62.5%
84.6%

79.2%
91.3%

0.121
0.481

Sensitivity WavSTAT
Specificity WavSTAT

83.3%
43.3%

86.5%
67.3%

0.631
0.056

Sensitivity Algorithm
Specificity Algorithm

77.1%
60.0%

83.7%
85.5%

0.355
0.008
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Discussion

Novel imaging techniques should aide the endoscopist in accurate differentiaton of colorec-

tal lesions. Endoscopists need to become familiar with their use which may require intensive 

training.22,  23 Also, interpretation of novel images by multiple endoscopists will inevitably 

result in interobserver variability.24 As WavSTAT results are given in a standardized format, 

the system can be useful for any endoscopist, regardless of training or experience. Previ-

ously, diagnostic accuracy of WavSTAT for the differentiation of colorectal lesions was shown 

to be 100% in a small study.25 The number of assessed lesions in this study was low and 

nearly all were adenomatous, however. In the current study we included a higher number 

of lesions with a more realistic distribution of adenomatous and non-adenomatous lesions 

in the colon.26 Using the WavSTAT, we found a high sensitivity and a low specificity for the 

differentiation of colorectal lesions.

WavSTAT assessment failed in a small number of lesions (8%), which were nearly all ad-

enomatous on histopathology. In these lesions, placement of the laser frequently resulted 

in minor bleeding due to their friable nature. Because fluid between the laser and the lesion 

impedes its analysis, WavSTAT assessment could not be made. In several other lesions, more 

than one WavSTAT attempt was required to obtain an analysis. As feasibility was not an objec-

tive of the current study however, the number of additional attempts was not registered and 

therefore unknown.

Ideally, sensitivity of any imaging technique would approach 100% in order not to leave 

any adenomas in situ. In the current study, sensitivity of WavSTAT was 85%. The 15% inac-

curately differentiated adenomas with WavSTAT may be explained by inaccurately placing 

the laser on the lesion, generating a false-negative analysis. Accurately placing the laser on 

the lesion can be particularly challenging in diminutive lesions, even when using the biopsy 

forceps. This seems to be confirmed by our findings of a lower WavSTAT sensitivity in diminu-

tive lesions (81%) compared with its sensitivity in small lesions (93%). Placement of the laser 

might sometimes require more than one attempt per lesion, particularly when diminutive, 

although future feasibility studies should provide more insight in this matter.

Sensitivity of the algorithm was lower compared with the sensitivity of WavSTAT alone due 

to 20 adenomas that were inaccurately differentiated with high confidence using HRE. The 

majority of these 20 adenomas were smaller than 5mm in size, which may explain for their 

incorrect differentiation. Also, endoscopists may be somewhat overconfident and have a low 

threshold for differentiating lesions with high confidence. Previously, a study conducted by 

our research group amongst non-academic endoscopists demonstrated that 21% of adeno-

mas were inaccurately differentiated with high confidence using HRE.21 These results seem to 

suggest that endoscopists should be more aware of their ‘imperfect’ accuracy. A more refined 

confidence scheme (e.g. unsure, moderately sure, absolutely sure) might increase accuracy if 

lesions differentiated with ‘absolute sureness’ would be included only. Alternatively, accuracy 
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of the algorithm is increased through the use of more advanced imaging techniques such as 

NBI. The advantage of WavSTAT however, lies in its wide and easy applicability as it does not 

require a learning curve like NBI. Nevertheless, it would be interesting to assess the accuracy 

of WavSTAT’s and NBI combined as WavSTAT has shown to have a high sensitivity while NBI 

has shown to have a high specificity.5, 11, 27, 29, 30

Specificity of WavSTAT proved to be disappointing and lower compared with the algorithm. 

WavSTAT’s currently used proprietary algorithm that distinguishes normal from adenomatous 

tissue may explain for this low specificity. The threshold of the currently used cut-off value 

to analyse the intensity pattern of the returned signal is low, which results in an overestima-

tion of the number of adenomas. Likewise, the currently used illumination wavelength of 

WavSTAT might also be a cause of its low specificity. Potentially, a WavSTAT applying different 

illumination wavelengths could increase the accuracy, in particular specificity.

Accurate on-site recommendation of screening intervals is one of the major endpoints 

of in-vivo differentiation of colorectal lesions. Even though overestimating the number of 

adenomas allows for accurate therapy in most lesions (i.e. very few adenomas remain in 

situ), consecutive colonoscopies would be planned too soon as the Dutch guidelines, simi-

lar to the guidelines of the British Society of Gastroenterology, are based on the number of 

adenomas.16, 31 Therefore, specificity of any imaging modality that would dispense formal 

histopathology needs to be at a clinically acceptable level as well. If surveillance intervals 

relied on the results of WavSTAT alone, consecutive colonoscopies would have been in-

accurately timed in 27% of patients in the current trial. Similarly, 24% of patients would 

have been given an inaccurate surveillance interval if it had relied on the results of the 

algorithm. Recently, an ASGE PIVI (Preservation and Incorporation of Valuable Endoscopic 

Innovations) was developed, in which any endoscopic technology was required to provide 

at least 90% agreement between surveillance intervals based on formal histopathology 

and surveillance intervals based on optical diagnosis, should polyps of 5mm or smaller be 

resected and discarded.32 Our agreement of 77% is based on inclusion of both diminutive 

and small lesions. Our recommended surveillance intervals would change in one patient 

only if small lesions were to be excluded (results not shown). In that regard, on-site recom-

mendation of surveillance intervals based on either WavSTAT or the algorithm needs to be 

improved.

In order to assess the additional value of WavSTAT amongst endoscopists with a different 

level of experience, both expert endoscopists as well as trainees participated in this trial. 

As expected, expert endoscopists performed better on differentiation of colorectal lesions 

using HRE. As a result, the accuracy of the algorithm proved to be higher also in this group. 

One remarkable finding however, was the algorithm’s low specificity of 60% in trainees. This 

results most likely from the fact that trainees differentiated less lesions with high confidence 

compared with experts, as an increasing proportion of high confidence lesions is associated 

with an increasing specificity.
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In conclusion, WavSTAT has a good sensitivity for differentiating colorectal lesions while 

its specificity proved disappointing. An algorithm combining HRE and WavSTAT resulted in 

a moderate accuracy which was insufficient for in-vivo differentiation of small colorectal 

lesions with omission of formal histopathology. Potentially, a combination of WavSTAT with 

another advanced imaging technique like NBI could result in a high accuracy. Also, a change 

in the currently used illumination wavelength of WavSTAT could improve its accuracy. Future 

studies should assess whether such a change in WavSTAT settings or the combination of 

WavSTAT with an advanced imaging technique would in fact allow for the omission of formal 

histopathology in small colorectal lesions.
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ABsTrAcT

Background & aims

The endoscope-based confocal laser endomicroscopy (eCLE) system allows in vivo imaging 

of colorectal epithelium. Little is known about the learning curve for accurate interpretation 

of confocal images acquired with eCLE. The aim of this study was to determine the learning 

curve of eCLE, its diagnostic accuracy and the intra- and interobserver agreement for the 

differentiation of colorectal lesions.

Methods

Three endoscopists received a short introduction on eCLE prior to evaluating 90 images. Ob-

servers assessed all eCLE images using the Mainz classification. After each set of 30 images, 

accuracy of each observer was assessed. The same procedure was repeated 6 months later 

using the same set of images.

Results

There were no significant changes between the first set of 30 images and the two consecu-

tive sets (p=0.08 and p=0.180, respectively). Overall accuracy was 85.6%, 95.6% and 92.2% 

for each observer.

Kappa-values of the intraobserver agreement were 0.68, 0.84 and 0.77 for each observer. 

Kappa-value for interobserver agreement was 0.73 during the first and 0.72 during the sec-

ond assessment.

Conclusions

Accurate post-hoc interpretation of eCLE confocal images can be learned quickly. High di-

agnostic accuracy was achieved by all 3 observers during the initial stage of the assessment, 

which remained high thereafter. Intra- and interobserver agreement was substantial for all 3 

observers. Future studies should focus on the real-time assessment of eCLE images.
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inTroDucTion

Several new imaging techniques have been developed in the past decade, aiding the en-

doscopist in the differentiation of colorectal lesions.1-3 Accurate differentiation of colorectal 

lesions can result in removed polyps to be dispensed without the need for formal histopathol-

ogy, making colonoscopy more efficient and cost effective.4 Also, non-neoplastic lesions can 

be left in situ, thereby reducing time and risks associated with the removal of these lesions.5

Confocal laser endomicroscopy (CLE) is a system that can provide images of the gastro-

intestinal epithelium at subcellular resolution which is comparable to conventional histo-

pathology.6 Currently, there are two different CLE systems available: the endoscope-based 

(eCLE) and the probe-based (pCLE) device. With eCLE the endomicroscope is incorporated 

into the distal tip of a conventional endoscope (Pentax EC-3870CIFK; Pentax, Tokyo, Japan), 

whereas a probe is passed through the accessory channel of an endoscope in pCLE (Cellvizio, 

Mauna Kea Technologies, Paris, France). The image-acquisition rate of pCLE is higher than 

that of the eCLE system, which allows in vivo imaging of capillary flow. Instead, the eCLE 

system offers a higher resolution and larger field of view than pCLE and imaging depth can 

be adapted in eCLE whereas imaging depth is fixed in pCLE.

One of the essential elements for any new imaging technology is that its images are 

categorized and can be interpreted easily and accurately. This can be achieved through 

the establishment of a classification that is widely applicable and easy to learn. In CLE, the 

Mainz classification is frequently used, consisting of three categories (normal, regenerative 

or neoplastic), which was established after assessment of 134 colorectal lesions with eCLE.7 

Recently, Buchner and colleagues demonstrated that accurate interpretation of pCLE images 

using the Mainz classification can be learned rapidly, but no studies on the learning curve of 

eCLE have been performed thus far.8

The primary aim of our study was to evaluate the learning curve and accuracy for differen-

tiating colorectal lesions using eCLE. Additionally, the intra- and interobserver agreement for 

interpretation of confocal images was assessed.

meThoDs

Procedure

A total of 254 colonoscopies were performed between 2009 and 2010 under conscious seda-

tion by one experienced endoscopists (RK) and performed with the Pentax colonoscope (EC-

3870 CIFK, Tokyo, Japan). All procedures (screening and surveillance for colorectal cancer) 

were approved by the medical ethical committee and informed consent was obtained from 

all patients prior to the colonoscopy. In case of one or more detected lesions, 5mL intrave-

nous fluorescein 10% (Alcon Laboratories, Texas, USA) was administered which has shown to 
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be safe in previous studies.9 Subsequently, CLE was performed (EG-3870CIK, Pentax, Tokyo, 

Japan). Several confocal images (≥5) were taken at different depth of each detected polyp in 

order to achieve high quality images which were stored as BIN files. After images were taken, 

all polyps were removed for histological evaluation. All images were entered in a database 

and linked to the corresponding patient and polyp data, including histopathology.

Data collection set

A research fellow hand-searched the eCLE image database to select the best images, based 

on highest quality regarding sharp and motionless images. Ninety images were selected in 

order to obtain a set of images that was feasible to assess within two hours. These images 

were derived from 47 patients (15 male; mean age 66 ± 10 years) who underwent surveillance 

colonoscopy for a personal history of adenomas (n=28), cancer (n=2), ulcerative colitis (n=14) 

or symptoms (n=2).

Out of the selected 90 images, 37 corresponded with normal mucosa, 4 with hyperplastic 

polyps, 16 with adenomas, 7 with colorectal cancer, 12 with colitis-associated dysplasia and 

14 with inflammation. After the selection process, it was checked whether the selected im-

ages represented the known distribution of adenomatous and non-adenomatous lesions in 

the colon.10, 11

All images were made equal in size and incorporated into a slideshow (Microsoft PowerPoint 

2003; Microsoft Inc, Redmond, WA). Except for removing patient name and chart number 

from the image, no other post processing was done. The slideshow was presented separately 

to 3 experienced endoscopists (ED, PF, and CP) who were blinded for the endoscopic image. 

Two out of the three observers previously participated in studies assessing the accuracy of 

pCLE, but none of the observers had any experience in the interpretation of eCLE images.12, 13

Image evaluation process

Before starting the image evaluation process, a short systematic training was provided to 

each endoscopist regarding the Mainz classification in CLE. This training included a detailed 

description of the Mainz classification (i.e. normal, regenerative and neoplastic lesions) and 

CBA

Figure 1: eCLE images of (A) normal mucosa (Mainz normal), (B) hyperplastic polyp (Mainz regenerative) and (C) tubular adenoma (Mainz 
neoplasia)
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corresponding eCLE images (figure 1). Hereafter, a learning set of 10 images was shown and 

assessed by each endoscopist, giving the single observer feedback immediately after scoring 

each image. The images in the learning set corresponded with normal mucosa (n=3), inflam-

mation (n=2), hyperplastic polyp (n=1), adenoma (n=3) and carcinoma (n=1). All images used 

for this training were not included in the final image evaluation process.

All 90 eCLE images were consequently shown to the three observers without any time 

restriction. First, the images were scored for overall quality as either moderate (crypt/ves-

sel visualization unsure and unclear), good (crypt/vessel visualization sure but unclear) or 

excellent (visualization sure and clear). Subsequently, all images were scored according to 

the Mainz classification as normal, regenerative or neoplastic.7 Lastly, the observers noted 

whether they were unsure, moderately sure or absolutely sure on their differentiation. In 

order to assess a learning curve, the set of 90 images was subdivided in 3 groups of 30 im-

ages. After scoring each set of 30 images, the correct histopathology was revealed to the 

endoscopist and each incorrect answer was discussed.

The same procedure was repeated 6 months later using the same images which were 

shown in a different order to each observer separately.

Reference standard

Histopathology was assessed by an expert gastrointestinal pathologist according to the 

revised Vienna criteria, ranging from no intraepithelial neoplasia to invasive neoplasia.14 The 

histological diagnosis of all biopsies was used as the reference standard diagnosis.

Statistical analysis

Descriptive statistics were used to characterize the study population. Normal distributed 

data were described with the mean and the standard deviation. Proportions were compared 

with the chi-square test. The learning curve of each observer was assessed comparing each 

set of images (1 to 3) using a chi-square test for linear trend.

The sensitivity and specificity for differentiating adenomatous from non-adenomatous 

lesions was assessed by comparison with histopathology which was used as the reference 

standard diagnosis. The part on the accuracy of eCLE was reported according to the STARD 

statements for diagnostic accuracy studies.15

The intraobserver agreement was calculated per observer using Cohen’s kappa for the 

agreement between the first and second session.16 The interobserver agreement was calcu-

lated using the Fleiss kappa (more than two observers).17 Interpretation of κ-values was done 

according to Landis and Koch.18 SPSS for Windows software (Chicago, IL, USA) version 15.0.1 

was used for analysis.
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resulTs

Learning curve and accuracy per set of 30 images

During the first session, accuracy of the first 30 images ranged from 90.0% to 93.3% between 

the three observers. There was no significant change in accuracy for any of the observers 

in the consecutive sets of images (observer 1 p=0.465, observer 2 p=0.213 and observer 3 

p=0.632).

During the second session, accuracy of the first 30 images ranged from 90.0% to 96.7% 

between the observers. There was no significant change in accuracy for any of the observers 

in the consecutive sets of images either (observer 1 p=0.683, observer 2 p=0.652 and observ-

Table 1a Accuracy of observer 1 per set of images

sensitivity, specificity and accuracy observer 1
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
88.2 (65.7-96.7)
90.0 (74.4-96.5)

64.3 (38.8-83.7)
75.0 (50.5-89.8)
70.0 (52.1-83.3)

87.5 (52.9-97.8)
100.0 (85.1-100.0)

96.7 (83.3-99.4)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

76.9 (49.7- 91.8)
100.0 (81.6-100.0)

90.0 (74.4-96.5)

71.4 (45.4-88.3)
93.8 (71.7-98.9)
83.3 (66.4-92.7)

87.5 (52.9-97.8)
95.5 (78.2-99.2)
93.3 (78.2-99.2)

Table 1b Accuracy of observer 2 per set of images

sensitivity, specificity and accuracy observer 2
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
94.1 (73.0-99.0)
93.3 (78.7-98.2)

85.7 (60.0-96.0)
93.8 (71.7-98.9)
90.0 (74.4-96.5)

87.5 (52.9-97.8)
90.9 (72.2-97.5)
90.0 (74.4-96.5)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
88.2 (65.7-96.7)
90.0 (74.4-96.5)

92.9 (68.5-98.7)
93.8 (71.7-98.9)
93.3 (78.7-98.2)

100.0 (85.1-100.0)
100.0 (67.6-100.0)
100.0 (88.7-100.0)

Table 1c Accuracy of observer 3 per set of images

sensitivity, specificity and accuracy observer 3
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

84.6 (57.8-95.7)
100.0 (81.6-100.0)

93.3 (78.7-98.2)

71.4 (45.4-88.3)
100.0 (80.6-100.0)

86.7 (70.3-94.7)

87.5 (52.9-97.8)
100.0 (85.1-100.0)

96.7 (83.3-99.4)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
100.0 (81.6-100.0)

96.7 (83.3-99.4)

71.4 (45.4-88.3)
93.8 (71.7-98.9)
83.3 (66.4-92.7)

62.5 (30.6-86.3)
95.5 (78.2-99.2)
86.7 (70.3-94.7)
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ers 3 p=0.220). Sensitivity, specificity and accuracy of each observer per set of 30 images per 

session are described in table 1a, b and c.

Overall accuracy per observer

Overall sensitivity, specificity and accuracy of all 3 observers for the first and second session 

are described in table 2. During the first session, the accuracy of observer 2 was significantly 

higher than accuracy of observer 1 (p=0.04). Accuracy of observers 1 and 3 (p=0.24) or ob-

servers 2 and 3 (p=0.35) did not differ significantly. During the second session, there was 

no difference in accuracy between any of the 3 observers (observer 1 vs 2 p=0.631, 2 vs 3 

p=0.631 and 1 vs 3 p=1.00).

Table 2 Overall accuracy per observer

sensitivity, specificity and accuracy all observers
Observer 1 Observer 2 Observer 3

Session 1
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

80.0 (64.1-90.0)
89.1 (78.2-94.9)
85.6 (76.9-91.4)

94.3 (81.4-98.4)
96.4 (87.7-99.0)
95.6 (89.1-98.3)

80.0 (64.1-90.0)
100.0 (93.5 -100.0)

92.2 (84.8-96.2)

Session 2
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

77.1 (61.0-87.9)
96.4 (87.7-99.0)
88.9 (80.7-93.9)

88.6 (74.1-95.5)
90.9 (80.4-96.1)
90.0 (82.1-94.7)

77.1 (61.0-87.9)
96.4 (87.7-99.0)
88.9 (80.7-93.9)

Accuracy and quality of confocal images

Observer 1 rated 72 out of 90 images (80%) as good or excellent quality during the first ses-

sion. If this group of images was included only, accuracy improved from 85.6% to 87.5% (p= 

0.720) for observer 1.

Observer 2 rated 49 out of 90 images (54%) as good or excellent quality during the first 

session. If this group of images was included only, accuracy of observer 2 decreased from 

95.6% to 95.1% (p= 0.912).

Observer 3 rated 46 out of 90 images (51%) as good or excellent quality during the first 

session. If this group of images was included only, accuracy of observer 3 improved from 

92.2% to 93.5% (p= 0.791).

Accuracy and confidence level

None of the observers significantly improved their accuracy when images differentiated with 

100% certainty were included only during the first session. Accuracy improved to 96.2% for 

observer 1 (p=0.051), accuracy of observer 2 improved to 100.0% (p=0.302) and accuracy 

improved to 95.9% for observer 3 (p=0.493).
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Interobserver and intraobserver agreement

During the first session, all observers had a substantial agreement for the Mainz classification 

with a kappa value of 0.67 (95% CI: 0.58 - 0.75). Agreement remained substantial when the 

classification was simplified to adenomatous versus non-adenomatous with a kappa value of 

0.73 (95% CI: 0.61-0.85).

During the second session, the observers also had a substantial agreement for the Mainz 

classification with a kappa value of 0.67 (95% CI: 0.59 - 0.76). Agreement remained substan-

tial when the classification was simplified to adenomatous versus non-adenomatous with a 

kappa value of 0.72 (95% CI 0.60-0.84).

Intraobserver agreement was substantial for all three observers using the Mainz classifica-

tion with a kappa-value of 0.73 (95% CI: 0.61 - 0.85) for observer 1, 0.69 (95% CI: 0.56-0.82) for 

observer 2 and 0.67 (95% CI: 0.54-0.80) for observer 3. When the classification was simplified 

to adenomatous versus non-adenomatous , intraobserver agreement remained substantial 

for observer 1 and observer 3 with a kappa value of 0.68 (95% CI: 0.52-0.84) and 0.77 (95% CI: 

0.63-0.91), respectively. Agreement became almost perfect for observer 2 with a kappa value 

of 0.84 (95% CI: 0.72-0.96).

Discussion

The use of confocal imaging is not routine in clinical practice and many gastroenterologists 

are not familiar with its use. Wide acceptance of any new technology requires that sufficient 

diagnostic accuracy can easily be achieved. Our results suggest accurate interpretation of 

eCLE images can be learned quickly. Using a short introduction and training set of images, 

high diagnostic accuracy was achieved by all 3 observers during the initial stage of the as-

sessment, which remained high thereafter. Previously, the learning curve of probe-based CLE 

was assessed amongst a wide range of GI specialists.8 Similar to our study design, all observ-

ers received a short training session and a review of standardized images prior to the start of 

the study. Accurate interpretation of pCLE images was achieved rapidly in this study as well, 

although their learning curve was less steep in comparison to ours. Nonetheless, results from 

both studies suggest that accurate interpretation of confocal images can be learned rapidly 

after a short training.

Overall accuracy of all three observers proved to be high, both during the first and second 

session, ranging from 85.6% to 95.6%. Previous studies assessing the accuracy of eCLE for the 

prediction of neoplasia have found even higher accuracies, ranging from 95.7% to 99.2%.7, 19, 20 

These higher numbers might be a result of the extensive expertise of the participating 

observers. In comparison, the accuracy of probe-based CLE has been slightly lower in most 

studies, ranging from 74.6% to 92.4%.8, 12, 21, 22 On the other hand, the image depicted with 

pCLE differs substantially from the image depicted with eCLE (i.e. field of view and lateral 
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resolution), making comparison between the two modalities difficult. Nevertheless, it would 

be interesting to compare the accuracy of pCLE with eCLE within one study, but no such 

studies have been performed yet.

By introducing confidence levels for endoscopic interpretation, recent studies assessing 

narrow-band imaging have shown this allows for improvement of diagnostic accuracies.4, 23 

This implies that accuracy is increased when lesions are differentiated with high confidence 

by the endoscopist. In the current study, accuracy also increased when all low confidence 

level images were excluded, although this did not reach statistical significance for any of the 

observers, which is likely due to the fact that accuracy was already high when all images were 

included. Nevertheless, accuracies ranged between 95.9% to 100% for all highly confident 

differentiated lesions, suggesting introduction of confidence levels can benefit accuracy in 

CLE as well.

With regards to the interobserver agreement, this was substantial using the Mainz clas-

sification and remained substantial when the classification was simplified to neoplasia versus 

non-neoplasia. Likewise, reproducibility ranged from substantial to nearly perfect with 

intraobserver kappa values ranging between 0.68 and 0.84. These findings are in agreement 

with the results of a collaboration group that also demonstrated substantial interobserver 

agreement (kappa 0.72) amongst gastroenterologists with some or high experience in CLE.24 

In comparison, Sanduleanu et al. found a kappa-value of 0.88 between 2 endoscopists assess-

ing eCLE images.25 Similarly, another study from the UK found an agreement of 0.81 between 

two endoscopists assessing 1000 eCLE images.19 Again, the expertise of participating observ-

ers in these studies can explain for the somewhat higher kappa-values in comparison to our 

results.

Because all confocal images in this study were selected by a research fellow one can 

argue whether our results represent a ‘realistic’ situation in comparison to what would be 

encountered in clinical practice. Similarly, it can be argued that post-hoc assessment by itself 

might not reflect true clinical practice. However, we believe that post-hoc assessment is more 

likely to underestimate the ‘true’ accuracy of any imaging technique as the complementary 

endoscopic image is not present. Furthermore, post-hoc assessment appears appropriate for 

initial evaluation of new colonoscopic techniques with respect to their ability to differentiate 

lesions because this study design is easy to execute and can be performed amongst several 

endoscopists. Once it is established that sufficient accuracy can be achieved through post-

hoc assessment, the next step would be to perform a real-time assessment. Simultaneously, 

the learning curve for image acquisition can then be assessed.

In conclusion, our results demonstrate that correct post-hoc interpretation of eCLE images 

can be achieved rapidly by several observers after a short training session. High accuracy 

was achieved at the initial stage of our study which remained high thereafter. Future studies 

should assess the real-time accuracy of eCLE as well as the learning curve of eCLE for acquir-

ing sufficient quality images.
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ABsTrAcT

Background & aims

Probe-based confocal laser endomicroscopy (pCLE, Cellvizio) enables in-vivo histology dur-

ing colonoscopy and may allow endoscopists to make real-time diagnoses. A collaboration 

of 5 experts proposed a new pCLE classification for colonic use. The aim of our study was to 

assess interobserver agreement and accuracy of a new pCLE classification in the colon.

Patients and methods

Eligible patients were prospectively investigated by pCLE.

A subset of 13 pCLE video sequences was reviewed post-hoc for the establishment of a 

new classification which comprised 3 vessel categories and 7 crypt categories. All 5 blinded 

observers scored another set of 102 video sequences, using the new classification. Histopa-

thology was used as a reference standard.

Results

The interobserver agreements on vessel and crypt architecture were ‘fair’ with kappa values 

of 0.29 and 0.27, respectively. When the classification was reduced to neoplasia vs. non-

neoplasia (i.e. vessel or crypt type 3), overall agreement became ‘moderate’ (κ=0.56).

Overall sensitivity and specificity for predicting neoplasia was 66% and 83%, respectively. 

When all observers agreed (69% of videos), corresponding figures became 80% and 95%.

Conclusion

A new classification for pCLE, had a ‘moderate’ interobserver agreement for differentiating 

neoplasia from non-neoplastic tissue in the colon. The overall accuracy (81%) for predicting 

neoplasia was acceptable and became excellent (94%) when all 5 observers agreed. Future 

research should focus on refinement and validation of the classification.
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inTroDucTion

Several new techniques in colon imaging have recently been developed, enabling better 

visualization of gastrointestinal lesions during ongoing endoscopy.1, 2 Confocal laser endo-

microscopy (CLE) is a system that can provide high-magnification images of the gastroin-

testinal epithelium which are comparable to histopathology.3 With CLE the endoscopist can 

potentially differentiate neoplastic from non-neoplastic mucosa which can result in leaving 

non-neoplastic lesions in situ, thereby reducing time and risks associated with the removal 

of these lesions.4 Furthermore, CLE could potentially lead to omission of random biopsies 

during surveillance of inflammatory bowel disease (IBD) patients or improve evaluation of 

neoplasia within a marked area (e.g. resection site after polyp removal).5

Currently, there are two different CLE systems: endoscopic CLE (eCLE) in which the micro-

scope is incorporated into the distal tip of a conventional endoscope (Pentax EC-3870CIFK; 

Pentax, Tokyo, Japan), and probe-based CLE (pCLE) in which the probe is passed through the 

accessory channel of an endoscope (Cellvizio, Mauna Kea Technologies, Paris, France). The 

pCLE system can be used with any standard and high-resolution endoscope whereas eCLE 

can currently only be performed with standard resolution white–light imaging. Furthermore, 

the image-acquisition rate of pCLE is higher than that of the eCLE system, which allows in 

vivo imaging of capillary flow. Instead, the eCLE system offers a higher resolution and larger 

field of view than pCLE and imaging depth can be adapted in eCLE whereas imaging depth 

is fixed in pCLE.

An essential element for any new advanced imaging technology is standardization of 

indications, terminology and classification of images. Currently, the Mainz classification by 

Kiesslich et al is most frequently used in CLE.6 This classification, based upon confocal images 

from eCLE, consists of three categories (normal, regenerative or neoplastic) and was estab-

lished after animal research and previous unpublished experience of the Mainz research 

group. Several studies have demonstrated a high degree of accuracy and interobserver 

agreement using the Mainz classification.7-10

There are a number of challenges with regards to the Mainz classification. The image 

depicted during pCLE is different compared with eCLE as a result of the higher image acqui-

sition-rate and smaller field of view with pCLE. Although several studies have demonstrated 

that a high accuracy for predicting neoplasia can be achieved using the Mainz classification 

in eCLE, it remains less clear whether this is applicable for pCLE as well.6, 8, 10, 11 Furthermore, 

as a result of the extremely high magnification and resolution with CLE, several pathological 

entities that are not yet implemented in the Mainz classification could potentially be dif-

ferentiated, such as sessile serrated adenomas (SSAs) and active inflammation. Previously, a 

number of studies demonstrated a high degree of accuracy predicting neoplasia and inflam-

mation activity in patients with ulcerative colitis, although different classifications were used 

in each of these studies.9, 12, 13



Chapter 8

106

We proposed a modified classification which was designed for probe-based CLE in which 

special attention was made to crypt and vessel architecture in order to assess whether dif-

ferentiation of the aforementioned lesions could be achieved. Additionally, the accuracy and 

interobserver agreement of this new classification was assessed.

PATienTs AnD meThoDs

Generation of the new classification

Thirteen confocal video sequences (2 normal, 4 hyperplastic, 4 inflammation and 3 neoplastic 

on histopathology) were collected from 6 patients (5 polyp surveillance, 1 IBD surveillance) 

who were included in prospective studies at the Academic Medical Centre in Amsterdam. 

All 13 video sequences were produced with the probe-based CLE system and shown to all 5 

experts (AM, MW, AB, FvdB, ED) who were aware of histopathology results. Each of the five 

observers separately reviewed the crypt and vessel features in all video sequences and noted 

distinctive characteristics that they thought were predictive for histological results. Subse-

quently, a meeting was organized and discussion between the observers, who had personal 

experience with the pCLE system, led to the agreement on a classification system (figure 1 

and 2), consisting of 3 vessel categories (1-3) and 7 crypt categories (1, 2a-e, 3).

Patients

Consecutive patients scheduled for polyp or IBD surveillance at the Academic Medical Centre 

in Amsterdam were included. Patients with colonic lesions were included when they had a 

history of adenomatous polyps, a (family) history of colorectal cancer (CRC) or hereditary 

non-polyposis colorectal cancer. Patients with IBD were included when they had a history 

of pancolitis of more than 8 years or left-sided colitis of more than 15 years. Patients were 

excluded in case of contraindications to fluorescein (e.g. allergy), non-correctable coagu-

lopathy, age ≤ 18 years or an inability to obtain informed consent. For time purposes, the 

maximum amount of pCLE videos per patient was set at 10. This study was approved by the 

medical ethical committee of our institution and informed consent was obtained from all 

patients.

Endoscopic equipment

Confocal laser endomicroscopy was performed with the probe-based system (Cellvizio-GI, 

Mauna Kea Technologies, Paris, France) in which a laser scanning unit excites light with a 

wavelength of 488nm via a fiberoptic miniprobe (ColoFlex type UHD; Mauna Kea Technolo-

gies, Paris, France). The probe (diameter 2.5mm) can be inserted through the accessory chan-

nel of every standard colonoscope. Only light of 500-650nm is collected by the probe to 

create optical slices with a field of view of 240µm, at a depth of 60µm below the mucosal 
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surface (lateral resolution 1µm). The images are scanned with a rate of 12 frames per second, 

hence demonstrating a real-time video on a second screen that is positioned next to the 

endoscopy monitor. For tissue contrast we used 5 ml intravenous fluorescein (10%) which has 

shown to be safe in ophthalmology and previous CLE studies.14, 15

Evaluation of pCLE videos

All pCLE videos were stored on a personal computer as MKT-files (proprietary format, Mauna 

Kea Technologies Software, Paris, France) and samples were assessed post-hoc on their qual-

ity by the 5 experts, who were blinded for histopathology and endoscopy. Observers were 

2e

2c

2b

Type 2e Decreased number of crypts, irregular size of 
crypts, and irregular distribution of crypts, with a regular 

or reduced amount of goblet cells

3

2a

1

Type 2d Both aggregation / fusion of regular-shaped 
crypts and star-shaped luminal crypt openings 

(combination of type 2a, 2b or 2c) 

Type 2c Star-shaped luminal crypt openings (wide lumen) 
with a regular or reduced amount of goblet cells

Type 2b Star-shaped luminal crypt openings (narrow 
lumen) with a regular or reduced amount of goblet cells

Type 3 Variable width of epithelial lining with tubular 
shaped crypts and loss of goblet cells (striped dark 

epithelium); irregular and decreased volume of lamina 
propria

Type 2a Aggregation/branching of otherwise normal 
crypts; normal amount of goblet cells 

Type 1 Regular luminal openings, size and distribution of 
the crypts covered by a homogeneous layer of epithelial 

cells, including goblet cells

Crypt architecture

Figure 1: categories for crypt architecture
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allowed to review each video at their request. Quality of videos were scored as poor (no 

crypt/vessel visible), moderate (crypt/vessel visualization unsure and unclear), good (crypt/

vessel visualization sure but unclear) or excellent (visualization sure and clear). Subsequently, 

all video sequences were scored for crypt and vessel type and suspected histopathology by 

the experts according to the new classification.

General agreement on the classification of each video sequence was defined as 3 or more 

observers agreeing. For images that only 2 or less observers agreed on, a second meeting 

was organized during which general agreement was reached by discussion (again blinded 

for histopathology and endoscopy findings).

Histopathology

Histology was used as reference standard diagnosis. Histopathology was assessed by an ex-

pert gastrointestinal pathologist (SvE) according to the revised Vienna criteria, ranging from 

no intraepithelial neoplasia to invasive neoplasia.16 Lesions were classified as normal mucosa, 

hyperplastic polyp, chronic or active inflammation, sessile serrated adenoma or conventional 

adenoma based on the morphological features on H&E staining.17-19 A number of lesions with 

minimal hypermucinous epithelial changes were seen that were thought to be too little to be 

diagnosed as hyperplastic. These lesions were classified as ‘minimal hypermucinous changes’.

Statistical analysis

The interobserver agreement was expressed by the percentage of full agreement among the 

observers as well as by an overall kappa statistic with 95%-confidence interval (95% CI).20 

3

1

2

Type 2 Hexagonal, honeycomb appearance with (no or) mild 
increase in the number of capillaries or increased amount of 

normal vessels without leakage

Type 3 Dilated and distorted vessels with elevated leakage; 
irregular architecture with little or no orientation to adjunct 

tissue

Type 1 Hexagonal, honeycomb appearance that presents 
a network of capillaries outlining the luminal openings of 

the crypts

Vessel architecture

Figure 2: categories for vessel architecture
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The interobserver agreement was calculated for each pair of observer, resulting in 10 dif-

ferent kappa values, namely the agreement of observer 1 and 2, 1 and 3, 1 and 4, etc. The 

interobserver agreement of all observers is the average of all kappa values.The interpretation 

of κ-values was done according to Landis and Koch.21

The sensitivity and specificity of pCLE for differentiating non-neoplastic from neoplastic 

lesions (defined as either crypt type 3 or vessel type 3) was assessed by comparison with 

histopathology. Sensitivity, specificity and accuracy were calculated for all 5 observers and 

derived from a contingency table including 510 videos (5 observers x 102 videos). SPSS for 

Windows software (Chicago, IL, USA) version 15.0.1 was used for analysis.

Collection evaluation set

Between October 2007 and April 2008, a total of 23 patients were included and underwent 

colonoscopy. The mean age of these patients (13 male, 57%) was 58.1 years (range, 39 to 

79 yrs). Thirteen patients were scheduled for IBD surveillance, 10 for polyp surveillance. All 

procedures were performed by 3 colonoscopists and no adverse events occurred. In total, 

116 confocal video sequences were obtained, ranging from 1 to 9 videos per patient. Nine 

video sequences were excluded because no histopathology could be obtained and another 

5 were excluded due to the total absence of crypts and vessels in the video sequence. The 

mean duration of the remaining 102 video sequences was 56 sec (range, 3 - 216 sec). Video 

sequences were made of 47 lesions (histopathology demonstrated 16 non-neoplastic, 11 

inflammatory, 10 sessile serrated adenomas and 10 neoplastic lesions) and 55 control areas.

resulTs

Agreement on crypt and vessel architecture

All 5 observers agreed on crypt architecture in 5% (5/102) of video sequences, which were all 

type 1 crypts. At least three out of five observers agreed (i.e. general agreement) on the type 

of crypt in 65% (66/102) of the video sequences. Interobserver agreement of all 5 observers 

on crypt architecture was ‘fair’ with a kappa-value of 0.27 (95% CI: 0.24 – 0.31).

All 5 observers agreed on the vessel architecture in 12% (12/102) of the video sequences 

which were all type 1 vessels. At least three out of five observers agreed on the vessel-type 

in 88% (90/102) of the video sequences. Interobserver agreement on vessel architecture was 

‘fair’ with a kappa-value of 0.29 (95% CI: 0.23 – 0.35).

Histopathology compared to general agreement

The general agreement of all 5 observers on crypt and vessel architecture and corresponding 

histopathology is described in table 1a (crypt) and 1b (vessel). As shown in table 1a, normal 

mucosa and hypermucinous lesions were most often scored as type 1 crypts (58% and 44%, 
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respectively). Hyperplastic polyps (40%), chronic inflammation (27%) as well as SSAs (40%) 

were most often scored as crypt 2b architecture. Lesions with active inflammation were 

equally often scored as crypt type 2a, 2e or 3 (29%). Adenomas were most frequently scored 

as crypt type 3 (70%).

As shown in table 1b, normal mucosa, hypermucinous lesions, SSAs and chronic inflam-

mation were all most frequently scored vessel type 1 (58%, 50%, 45% and 70%, respectively). 

Hyperplastic polyps and active inflammation were most often scored type 2 vessels (50% and 

43%, respectively) and neoplasia was most often scored vessel type 3 (80%).

Agreement and accuracy non-neoplasia vs. neoplasia

When the classification was reduced to a dichotomous classification of non-neoplasia vs. 

neoplasia (either crypt type 3 or vessel type 3), all 5 observers agreed in 69% (70/102) of the 

videos and at least 4 out of 5 observers agreed in 83% (85/102). Interobserver agreement for 

predicting neoplasia was ‘moderate’ with a kappa-value of 0.56 (95% CI: 0.42 – 0.70).

Table 1a General agreement* on crypt architecture with corresponding histopathology

consensus on crypt architecture
Histopathology 1 2a 2b 2c 2d 2e 3 subtotal

normal 22** 5 1 2 0 7 1 38

hypermucinous 7 1 3 0 0 2 3 16

hyperplastic polyp 1 2 4 0 0 0 3 10

ssA*** 1 0 4 2 1 1 1 10

chronic 
inflammation

2 1 3 1 1 1 2 11

Active inflammation 0 2 0 1 0 2 2 7

neoplasia 0 0 0 1 1 1 7 10

subtotal 33 11 15 7 3 14 19 102

* General agreement defined as three or more observers agreeing
** Highlighted is most frequently scored type of crypt per histopathology diagnosis
*** Sessile serrated adenoma

Table 1b General agreement* on vessel architecture with corresponding Histopathology

consensus on vessel architecture
Histopathology 1 2 3 subtotal

normal 22** 14 2 38

hypermucinous 8 5 3 16

hyperplastic polyp 3 5 2 10

ssA* 7 2 1 10

chronic inflammation 5 2 4 11

Active inflammation 2 3 2 7

neoplasia 1 1 8 10

subtotal 48 32 22 102

* General agreement defined as 3 or more observers agreeing
** Highlighted is most frequently scored type of vessel per histopathology diagnosis
*** Sessile serrated adenoma
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The accuracy of all observers for the prediction of neoplasia was 81% (table 2). When 4 or 5 

observers agreed, accuracy became 86% and 94%, respectively.

Accuracy and quality of video sequences

One out of 5 observers scored the quality of a video sequence as poor in 38 videos (37%) 

and 2 observers simultaneously scored one video sequence as having poor quality. All other 

videos were scored as having moderate or higher quality. If videos assessed as poor quality 

by one or more observer were excluded, accuracy of all observers slightly improved from 81% 

to 83%. If only video sequences scored as having good or excellent quality by all 5 observers 

were included, accuracy also improved to 83%.

Discussion

This study focused on the proposal of a new classification for probe-based CLE generated 

by an international collaborative group of expert pCLE users. Furthermore, the interobserver 

agreement and accuracy for predicting histopathology of this classification were assessed. 

We were able to demonstrate that our classification had a ‘fair’ interobserver agreement for 

differentiating both crypt and vessel architecture (kappa 0.27 and 0.29, respectively). Interob-

server agreement became ‘moderate’ when the classification was simplified to neoplastic vs. 

non-neoplastic (kappa 0.56).

Our data are in line with two preliminary reports with a similar amount of observers; the 

interobserver agreement study by Kiesslich et al among 6 gastroenterologists with different 

levels of eCLE experience demonstrated an interobserver agreement of 0.49 and demon-

strated that interobserver agreement was higher for gastroenterologists who had completed 

more than 30 eCLE cases.22 Dunbar et al compared the interobserver agreement for the 

interpretation of eCLE images and found a kappa-value of 0.56 among 7 gastroenterologists 

and pathologists, with no significant difference between these two groups.23 In contrast, 

several other studies have shown a higher interobserver agreement in eCLE, although the 

number of participating observers was low in these studies and a more simplified classifica-

tion was used.10, 24, 25 Recently, Gomez et al demonstrated a moderate agreement in pCLE for 

crypt (κ=0.49) and vessel architecture (κ=0.41) using the same classification as in the current 

Table 2 Number of observers agreeing and corresponding interobserver agreement and accuracy

number of observers agreeing and corresponding accuracy of all observers for predicting neoplasia*
Observers agreeing % of videos Sensitivity Specificity Accuracy

At least 3 100% 66% 83% 81%

At least 4 83% 71% 88% 86%

All 5 69% 80% 95% 94%

* Neoplasia defined as either crypt type 3 or vessel type 3
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study.26 Compared with our results, Gomez et al found a higher interobserver agreement 

which could be a result of the lower number of observers in that study and a further incre-

ment in experience with CLE.

One of the aims of our new classification was an accurate differentiation of several colonic 

lesions, including sessile serrated adenomas and actively inflammatory tissue. We found no 

clear difference in the scoring of crypts and vessels between hyperplastic polyps and SSAs, 

indicating differentiation of SSAs from hyperplastic polyps was disappointing. Sandmeier et 

al demonstrated that SSAs have morphologic features distinctive from hyperplastic polyps.27 

However, because most diagnostic histological features discriminating SSAs from hyperplas-

tic polyps are present at the base of the crypts (e.g. basal dilatation of crypts, basal crypt 

serration and crypt branching), accurate diagnosis requires a good visualization of the basal 

part of the crypt. Because pCLE has only one focal depth, this results in inadequate visualiza-

tion of the basal part and could in part explain the difficulty in differentiating SSAs from 

hyperplastic polyps. Moreover, even amongst gastrointestinal pathologists the interobserver 

agreement for distinguishing between serrated colorectal polyps is only fair.28 Until the mor-

phological features of serrated adenomas are more strictly defined and interobserver agree-

ment amongst (gastrointestinal) pathologists is improved, it remains to be seen whether 

current imaging modalities will be able to improve the differentiation of serrated adenomas 

from hyperplastic polyps. However, because of their potential implication of progressing to 

carcinoma at a higher rate and through different molecular pathways compared to tradi-

tional adenomas, there is a clear need for serrated adenomas to be differentiated.29 Possibly, 

a combination of CLE and molecular targeting of specific cellular sites can eventually lead to 

an accurate real-time differentiation in the future.

Another aim of our classification was the differentiation between inflamed and neoplas-

tic mucosa with pCLE, which can be challenging in IBD patients.30 In a study reported by 

Kiesslich et al the accuracy of in vivo differentiating neoplastic from non-neoplastic lesions in 

patients with ulcerative colitis was high with 97.8% of all lesions being correctly identified.9 

Our results demonstrated that post-hoc prediction of acute and chronic inflammation was 

unsatisfactory. There was no clear preference for any of the crypt types in video sequences of 

acute inflammation, as three different types of crypts were scored equally often (type 2a, 2e 

and 3). Most importantly, 29% of all videos of acute inflammation were scored as crypt type 

3, which was mostly associated with neoplasia as well. Similarly, video sequences of chronic 

inflammation showed considerable overlap with hyperplastic polyps and SSAs, all of which 

scored the same type of crypt (2b) most frequently.

The current study furthermore demonstrated that the new classification in pCLE had an 

accuracy of 81% for the prediction of neoplasia. Diagnostic accuracy improved with the 

numbers of observers agreeing, up to an accuracy of 94% when all 5 observers agreed, which 

occurred in 69% of all video sequences. This confirms the intrinsic strength of our new pCLE 

classification system. However, sensitivity was only 80% when all observers agreed and 
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overall accuracy for predicting neoplasia was only 81%. This is somewhat lower than previ-

ous studies have demonstrated, which can be explained by the higher number of observers 

participating in our study. Also, this difference in accuracy can be a result of the unblinded 

design with respect to endoscopic findings in previous studies.6, 10, 24

Our sensitivity of 80% consequently means that 20% of adenomas would have not been 

removed. Sensitivity of any imaging modality for differentiating colorectal lesions should 

preferably approach 100% in order not to leave any premalignant adenomas in situ. Recent 

studies with NBI have shown that an increase in sensitivity and accuracy can be achieved 

through the introduction of confidence levels, demonstrating colonoscopists are frequently 

able to confidently predict histology of polyps.31, 32 Such studies have not yet been performed 

with pCLE, however.

A potential shortcoming of the current study is that evaluation of the videos was done 

post-hoc and not during colonoscopy. However, an overestimation of the accuracy seems 

unlikely as observers were blinded for the macroscopic features of the lesions. Although this 

can be considered somewhat artificial, this method of analysis results in a more accurate 

estimation of the accuracy and interobserver variability of pCLE on its own merits. In this 

regard, an overall accuracy of 81% appears reasonable. Another potential shortcoming is the 

somewhat low number of neoplastic lesions included our current study, therewith reducing 

the statistical strength of the sensitivity. The main purpose of our classification, however, was 

to assess whether several, mostly non-neoplastic, lesions such as sessile serrated adenomas 

and inflammation could be differentiated. In that aspect, we believe the distribution of all 

included lesions seems reasonable.

In conclusion, the current study has shown a fair to moderate agreement in classifying 

colonic lesions with a new classification for probe-based confocal laser endomicroscopy. We 

also demonstrated a high accuracy with pCLE for predicting neoplasia when all observers 

agreed. However, the differentiation of several non-adenomatous colonic entities such as 

sessile serrated adenomas and acute inflammation proved to be limited. This study empha-

sizes the necessity of reliable features for classification of these colonic lesions with confocal 

laser endomicroscopy and future studies should focus on the refinement and validation of 

our results.
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ABsTrAcT

Background

Advanced imaging techniques need to be assessed for both feasibility and accuracy in order 

to prove their value in daily clinical practice. The current study assessed the feasibility of 

probe-based confocal laser endomicroscopy (pCLE) in acquiring videos of sufficient quality. 

Furthermore, the accuracy of pCLE for the differentiation of colorectal lesions was assessed 

and compared with narrow-band imaging (NBI) and chromoendoscopy (CE).

Methods

Consecutive patients scheduled for surveillance colonoscopy were included. All procedures 

were performed by 2 expert colonoscopists who previously participated in studies evaluat-

ing pCLE, NBI and CE. All lesions were differentiated real-time with NBI for vascular pattern 

intensity (VPI) and with CE and NBI for Kudo pit-pattern.

Subsequently, pCLE videos of each lesion were acquired and biopsies were taken. All pCLE 

videos were assessed post-hoc for the percentage of time demonstrating sufficient image 

quality (i.e. depicting at least one crypt or vessel). Lastly, pCLE videos were assessed post-hoc 

for diagnostic accuracy by two experts.

Results

A total of 154 lesions detected in 64 patients were included. Accuracy of Kudo pit-pattern 

with NBI for predicting neoplasia (88.7%) was significantly better than accuracy of VPI (77.5%, 

p=0.05) but not significantly different from CE (89.3%, p=0.125).

During pCLE, no histology was shown at all on the video in 19 lesions (12%). The mean time 

to acquire a pCLE video of the remaining 135 lesions was 50 seconds (SD 47) per lesion. The 

median percentage demonstrating sufficient quality per video was 40.5% (IQR 21.2 – 67.0). 

Accuracy of pCLE for both observers (66.7% and 71.9%) was significantly lower than accuracy 

of CE (p<0.001) and NBI (p<0.001).

Conclusion

Video acquisition with pCLE could not be achieved in a small number of lesions. The major-

ity of pCLE videos demonstrated insufficient quality in more than half of the time recorded. 

Moreover, post-hoc accuracy of pCLE was significantly lower in comparison with real-time 

accuracy of CE and NBI. Future research should assess whether further increase in experience 

could improve pCLE video acquisition.



119

Advancements in colorectal imaging

ch
ap

te
r 9

inTroDucTion

Several endoscopic imaging techniques have been developed to improve differentiation of 

colorectal lesions. Accurate differentiation can result in non-neoplastic lesions to remain in 

situ, reducing endoscopy time and risks associated with the removal of these lesions (e.g. 

perforation, bleeding). Moreover, removed polyps could be dispensed without the need for 

formal histopathology, making colonoscopy more efficient and cost effective.1

Chromoendoscopy is a dye-spraying imaging technique making fine mucosal surface 

details more visible and has proven to be associated with a high accuracy for the differentia-

tion of colorectal lesions.2-6 Another imaging technique is narrow-band imaging (NBI), which 

uses optical filters in the light source to highlight the mucosa and is sometimes described as 

‘electronic’ chromoendoscopy. Several studies have demonstrated NBI to have a diagnostic 

accuracy equivalent to that of chromoendoscopy.2, 7, 8

In previous years, advanced endoscopic imaging techniques have evolved to improve dif-

ferentiation of colorectal lesions. A recently developed imaging technique is confocal laser 

endomicroscopy (CLE), using endoscope-based (eCLE) or probe-based (pCLE) devices. During 

CLE, high-magnification images of the gastrointestinal epithelium are provided which are com-

parable to histopathology.9 The advantage of CLE over other imaging modalities such as CE and 

NBI, is that it offers direct microscopy of individual cells, making it in fact in-vivo histology. Conse-

quently, it allows the endoscopist to differentiate lesions without the need for tissue biopsy and 

histopathological evaluation. To prove its clinical value however, CLE should be easy to use and 

have a diagnostic accuracy that is at least similar to other imaging techniques such as NBI and CE.

Previous studies assessing the diagnostic accuracy of pCLE for the differentiation of 

colorectal lesion have shown good results.10-13 Feasibility of pCLE to acquire sufficient quality 

imaging is unknown, however. We therefore performed the current study in which we evalu-

ated the feasibility of pCLE regarding video acquisition and assessed its diagnostic accuracy 

in comparison with NBI and CE for the differentiation of colorectal lesions.

meThoDs

Patients

Consecutive patients scheduled for surveillance colonoscopy at the Academic Medical Cen-

tre were included. Patients were included when they underwent a colonoscopy because of 

a polyposis syndrome, polyp surveillance, colorectal cancer surveillance or a positive family 

history for CRC. Patients were excluded in case of contraindications to fluorescein (e.g. al-

lergy), pregnancy, non-correctable coagulopathy precluding biopsies, age ≤ 18 years or an 

inability to give informed consent. This study was approved by the medical ethical commit-

tee of our institution (NTR 2345).
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Endoscopic equipment

All colonoscopies were performed with the endoscopic tri-modal imaging (ETMI) system 

(Evis Lucera, Olympus Inc., Tokyo, Japan). The light source (CLV-260HP) contains two rotating 

red-green-blue filters; one conventional for white light and one additional for NBI, in which 

the band pass ranges have been narrowed to certain wavelengths (green 530-550 nm and 

blue 390-445 nm). A high-resolution colonoscope (CF-H240FZL, magnification 100x) was 

used. The endoscopist can easily switch between imaging modes by pressing a button on 

the shaft of the endoscope.

For CE, indigo carmine (0.2%) was used as a dye while using the HRE mode of the ETMI 

endoscope. Indigo carmine is a non-absorptive dye which has shown to provide accurate 

staining for determining the Kudo classification.14

Confocal laser endomicroscopy was performed with the probe-based system (Cellvizio-GI, 

Mauna Kea Technologies, Paris, France) in which a laser scanning unit excites light with a 

wavelength of 488nm via a fiberoptic miniprobe (ColoFlex UHD; Mauna Kea Technologies, 

Paris, France). The probe (diameter 2.5mm) can be inserted through the accessory channel 

of every standard colonoscope. Only light of 500-650nm is collected by the probe to create 

optical slices with a field of view of 240µm, at a depth of 60µm below the mucosal surface 

(lateral resolution 1µm). The images are scanned with a rate of 12 frames per second, hence 

demonstrating a real-time video on a second screen that is positioned next to the endoscopy 

monitor. For tissue contrast we used intravenous fluorescein (10%) which has shown to be 

safe in previous CLE studies.15

Colonoscopy protocol

All patients were prepared by 4L of polyethylene glycol solution (Kleanprep; NorgineGmbH, 

Marburg, Germany) or 2L of polyethylene glycol solution containing ascorbic acid (Moviprep; 

NorgineGmbH, Marburg, Germany). The endoscope was advanced to the cecum by using the 

HRE mode of the endoscope. Colonoscopy was performed under conscious sedation with 

midazolam and/or fentanyl at the discretion of the endoscopist. At the start of withdrawal of 

the endoscope, 20 mg butylscopolamine was given intravenously to reduce colonic motility.

During withdrawal, all detected lesions were recorded for size, distance from the anus (in 

cm), location and macroscopic Paris classification.16 Each detected lesion was scored real-time 

during NBI for Kudo pit pattern (NBI-Kudo) in which Kudo pit patterns I-II were considered 

non-neoplastic and Kudo pit patterns III-V were considered neoplastic.17 During NBI, lesions 

were also assessed for vascular intensity pattern (NBI-VPI) scored as paler, similar or darker 

than the surrounding mucosa. A paler or similar VPI was considered non-neoplastic whereas 

a darker VPI was considered neoplastic.18 Thereafter, the lesion was assessed for Kudo pit-

pattern during CE after local application of indigo carmine.

After evaluation with NBI and CE, intravenous fluorescein (10%) was given and each 

detected lesion was inspected with pCLE (optical biopsy)The recording of pCLE frames was 
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started at positioning the probe on the lesion and stopped when removing the probe. The 

probe was removed when the endoscopist thought to have created a video that depicted 

the microscopic mucosal and vascular structures. All pCLE videos were stored on a personal 

computer as MKT-files (proprietary format, Mauna Kea Technologies Software, Paris, France). 

Subsequently, biopsies were taken for histopathology. In case a patient harboured more than 

7 polyps, only the first 7 were inspected according to the study protocol (for time purposes).

Histopathology

Real biopsies were processed using standard procedures and evaluated by an experienced 

GI-pathologist (SvE). Histopathology was classified according to the Vienna criteria of gas-

trointestinal epithelial neoplasia, ranging from no intraepithelial neoplasia to invasive neo-

plasia.19 A sessile serrated adenoma (SSA) was considered non-neoplastic. The histological 

diagnosis of all biopsies was used as the reference standard diagnosis.

Assessment of pCLE videos

All pCLE videos were assessed post-hoc for the percentage of time demonstrating at least 

one crypt or vessel. The length of each part of a video demonstrating no crypt or vessel was 

noted and these parts were subsequently removed. The remaining parts of each video were 

joined together. Patient and time information were removed from the video, but no other 

post-processing was done.

The edited pCLE videos were subsequently scored separately by two observers (ED, FvdB) 

who were blinded for both endoscopy and histology and who participated in previous stud-

ies assessing over 250 pCLE videos of the colon.20, 21 In case more than one video was made 

of the same lesion, the video with the longest recording time was shown. The observers 

were allowed to see a video again at their request. First, the videos were scored for overall 

quality as either moderate (crypt/vessel visualization unsure and unclear), good (crypt/vessel 

visualization sure but unclear) or excellent (visualization sure and clear). Subsequently, all 

videos were scored according to the Mainz classification as normal, regenerative or neoplas-

tic in which normal and regenerative were considered non-neoplastic.22 Lastly, the observers 

noted whether they were unsure, moderately sure or absolutely sure on their differentiation.

Outcome measures

The primary outcome measure of this study was the feasibility and accuracy of confocal 

endomicroscopy represented by (a) the percentage of the time recorded with pCLE dem-

onstrating crypts or vessels and (b) the sensitivity and specificity of optical biopsies (using 

final histopathology as gold standard). Secondary outcome measurements were the overall 

quality of the edited pCLE videos as scored by the observers and the accuracies of NBI-Kudo, 

NBI-VPI and CE for the real-time endoscopic differentiation of detected lesions.
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Statistical analysis

Statistical analyses were performed by using SPSS 16.0.2 for Windows. Descriptive statistics 

were used to characterize the study population. Contingency tables were used to calculate 

the accuracy of NBI-Kudo, NBI-VPI, CE and pCLE for the differentiation of polyps, using final 

histopathology as gold standard. Accuracy of pCLE was calculated for both observers sepa-

rately based on the blinded assessment afterwards.

The accuracies of NBI-Kudo, NBI-VPI, CE and pCLE were compared with McNemar’s test 

for paired data. Interobserver variability was determined with kappa statistics that were 

interpreted according to Landis and Koch.23 The manuscript was reported according to the 

STARD statements for diagnostic accuracy studies.24

Sample size

For sample size measurement an overall accuracy for confocal endomicroscopy of 99.2% was 

regarded as baseline, derived from a previous study by Kiesslich et al.22 The exact test for 

non-inferiority was used for sample size measurement, regarding 96.2% as lower acceptable 

limit for accuracy. The α-error was set at 0.05 and β-error at 0.1. Consequently, a total of 170 

polyps were needed.

resulTs

Patient characteristics and detected lesions

Between February 2008 and May 2010 a total of 64 patients were included who underwent 

colonoscopy and signed informed consent. Patient characteristics are described in table 1. All 

procedures were performed by one of two colonoscopists (PF, ED) who had each performed 

over 2000 colonoscopies and previously performed colonoscopies in a study evaluating 

pCLE in IBD.21 No adverse events occurred. In total, 170 lesions were detected of which 16 

were lost for histological examination. Median size of the remaining 154 lesions was 5.0 mm 

Table 1: patient characteristics

Patient demographics
mean age yrs (SD) 59 (12)

male n (%) 34 (53%)

indication
 Polyp surveillance
 Family history CRC
 Hyperplastic polyposis syndrome
 Lynch syndrome
 Attenuated FAP
 Symptoms
 CRC surveillance

21
18
13
5
3
2
2
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(range 1-50 mm), of which 73 (43.5%) were flat (Paris 0-IIa, 0-IIb) and of which 87 (56.5%) were 

located proximal to the splenic flexure.

Feasibility of pCLE

A total of 222 movies were made of 154 lesions of which histopathology was obtained. No 

crypts or vessels were visualized at all in 50 videos that corresponded with 19 lesions (12%), 

which were excluded from post-hoc assessment by the two observers. Excluded videos cor-

responded with polypoid lesions significantly more often than with flat lesions (p=0.023).

The remaining 172 videos corresponded with 135 lesions. The mean acquisition time per 

video was 49.7 seconds per lesion (SD 47.4). The mean percentage of recorded time dem-

onstrating either crypts or vessels was 44.4% (SD 27.7) All videos and their corresponding 

lesions (nonpolypoid vs. polypoid) are described in table 2a and 2b.

Table 2a Assessment all pCLE videos

characteristics pcle videos (n=154)
nonpolypoid Polypoid p value

Excluded videos*
Included videos

4
68

14
67

0.023

* Excluded in case no crypts or vessels were shown

Table 2b Characteristics of included pCLE videos and corresponding lesions

characteristics included pcle videos (n=135)
nonpolypoid (n=68) Polypoid (n=67) p-value

Diameter (mm, median) 4.5 (IQR: 3.8-7.0) 5.0 (IQR:4.0-8.0) 0.350
location
Proximal

Distal
41
28

35
32

0.399

histopathology
No abnormality

Hyperplastic
Sessile serrated adenoma

Tubular adenoma
Tubulovillous adenoma

Villous adenoma
Invasive neoplasia

7
41
11
9
4
1
0

7
27
11
29
4
2
1

0.161

Duration pcle videos in sec (mean, sD) 53.4 (40) 47.1 (45) 0.383
Time demonstrating crypts or vessels

(median %, iQr)
47.8 (IQR 26.0-73.8) 40.9 (IQR 14.7-63.5) 0.143

Diagnostic accuracy of pCLE

The diagnostic accuracies of both observers for predicting neoplasia using the Mainz clas-

sification are described in table 3.

When videos with good or excellent quality were included only, accuracy improved to 

72.0% for observer 1 (p=0.202) and decreased to 68.8% for observer 2 (p=0.142). When high 
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confidence level videos were included only, accuracy further improved to 78.3% (p=0.917) for 

observer 1 and improved to 84.1% (p=1.00) for observer 2.

For observer 1, diagnostic accuracy with pCLE was significantly lower compared with all 

three other imaging modalities; NBI-Kudo (<0.001), CE (<0.001) and NBI-VPI (0.024). For ob-

server 2, diagnostic accuracy with pCLE was also significantly lower compared with NBI-Kudo 

(<0.001) and CE (<0.001), but not significantly lower compared with NBI-VPI (0.222).

Interobserver agreement

The observers had a moderate agreement for the Mainz classification: kappa 0.48 (95% CI: 

0.35 - 0.61) which remained moderate when the classification was simplified to neoplasia 

versus non-neoplasia: kappa 0.50 (95% CI 0.35-0.65)

Diagnostic accuracy of NBI-Kudo, NBI-VPI and CE

With NBI, the endoscopist failed to retrieve a Kudo pit pattern in 12 lesions (8.9%) while a 

VPI was not retrieved in 3 lesions (2.2%). With CE, the endoscopist failed to retrieve a Kudo 

pit-pattern in 4 lesions (3.0%). Sensitivity, specificity and accuracy per imaging technique are 

described in table 4.

Table 3 Characteristics pCLE videos and diagnostic accuracy per observer

Video assessment per observer
observer 1 observer 2 p value

Video quality
Moderate

Good
Excellent

53
59
23

58
65
12

0.222

confidence level
Guess

Moderately sure
Absolutely sure

21
54
60

12
79
44

0.008

Accuracy (all videos)
Sensitivity
Specificity
Accuracy

57.1 (42.2-70.9)
71.0 (61.1-79.2)
66.7 (58.4-74.1)

59.5 (44.5-73.0)
77.4 (67.9-84.7)
71.9 (63.7-78.8)

0.356

Accuracy (high quality videos only*)
Sensitivity
Specificity
Accuracy

(n=82)
62.5 (42.7-78.8)
75.9 (63.5-85.0)
72.0 (61.4-80.5)

(n=77)
54.2 (35.1-72.1)
75.5 (62.4-85.1)
68.8 (57.8-78.1)

0.344

Accuracy (high confidence videos only**)
Sensitivity
Specificity
Accuracy

(n= 60)
73.7 (51.2-88.2)
80.5 (66.0-89.8)
78.3 (66.4-86.8)

(n= 44)
69.2 (42.4-87.3)
90.3 (75.1-96.7)
84.1 (70.6-92.1)

0.462

* Videos assessed as good or excellent quality
** Videos assessed as absolutely sure
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Accuracies of NBI-Kudo and CE were not significantly different (NBI vs CE; p=0.125). Both 

chromoendoscopy and NBI-Kudo had a significantly higher accuracy in comparison with the 

accuracy of NBI-VPI (NBI-Kudo vs. NBI-VPI; p=0.035 and CE vs. NBI-VPI: p=0.05).

Discussion

Before imaging techniques can be implemented in clinical practice, their feasibility as well as 

their accuracy need to be ascertained. The current study reports on the feasibility and accuracy 

of probe-based CLE for the differentiation of colorectal lesions. We demonstrate that nearly a 

quarter of pCLE videos, corresponding with 12% of all lesions, did not demonstrate any crypts 

or vessels and hence could not be used for analysis. In comparison, no Kudo pit-pattern could 

be retrieved in 9% of lesions during NBI while this was 3% during chromoendoscopy. Most of 

the excluded pCLE videos were made of polypoid lesions which might explain for their poor 

quality. The probe has a smooth and round surface and it can be challenging to apply suction 

while the probe is inserted through the working channel of the endoscope. Stabilizing the 

pCLE probe on the surface of a mobile lesion can therefore be difficult. Using a cap on the tip 

of the endoscope might overcome this problem, but no such device was used in the current 

study. Our percentage of poor quality videos is lower than a recent trial in IBD patients show-

ing 32% of lesions were unsuccesful for eCLE examination.25 Other studies, however, have 

demonstrated success rates of 100% in depicting colorectal lesions with pCLE. The difference 

with our results may be attributed to their higher level of experience.10, 26

The mean recording time per lesion was 50 seconds in our study while the experienced 

Mainz research group using the eCLE device demonstrated a mean recording time of 34 

seconds (calculated from their results).27 Previously, our research group described a mean 

recording time of 98 seconds per lesion in patients with IBD.21 These results suggest that a 

reduction in recording time might be achieved with increasing experience resulting in an 

increased efficacy, but more studies are needed to assess whether increased experience also 

leads to a shorter recording time with pCLE.

Crypts or vessels were depicted in 44% of the recording time of all included videos. This 

low percentage might be caused by the fact that both endoscopists were still in their learn-

ing curve of obtaining good quality pCLE images. Some suggest that 10 to 20 procedures 

Table 4: sensitivity, specificity and accuracy per imaging technique

nBi-Kudo nBi-VPi ce cle observer 1 cle observer 2
Sensitivity

(95% CI)
80.8%

(68.1-89.2)
50.9%

(37.9-63.9)
82.4%

(69.7-90.4)
57.1%

(42.2-78.8)
59.5%

(44.5-73.0)

Specificity
(95% CI)

93.3%
(86.2-96.9)

91.8%
(84.7-95.8)

92.9%
(86.1-96.5)

71.0%
(61.1-79.2)

77.4%
(67.9-84.7)

Accuracy
(95% CI)

88.7%
(82.5-92.9)

77.5%
(70.2-83.4)

89.3%
(83.4-93.3).

66.7%
(58.4-74.1)

71.9%
(63.7-78.8)
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should suffice to control the manipulation and positioning of the probe on the tissue.28 To 

our knowledge, there has been only one study on the learning curve of pCLE demonstrating 

the ability to acquire high-quality pCLE videos is quickly learned, although all videos in that 

study were obtained by one staff endoscopist with extensive experience.26 Further studies 

on the learning curve for video acquisition with pCLE are warranted to assess the number of 

procedures needed for endoscopists to be able to acquire good quality videos.

The accuracy of NBI and CE in the present study is in concordance with numerous pre-

vious studies, while the accuracy of VPI was somewhat lower than one study previously 

reported.2, 3, 5, 18, 29-32 Regarding the accuracy of pCLE, our findings are in line with a previous 

study including 3 observers that demonstrated a combined accuracy of 75%.33 More recently, 

the same research group performed a study assessing the real-time accuracy of NBI and the 

post-hoc accuracy of pCLE, a study design similar to our study. Interestingly, they found a 

higher sensitivity and specificity for pCLE than NBI although this did not reach statistical sig-

nificance and the number of NBI procedures was small.10 In contrast, the diagnostic accuracy 

of pCLE in our study was significantly lower than that of NBI and CE, although accuracy of 

the latter might have been overestimated since all assessments with CE were preceded by 

differentiation with NBI.

A number of factors can be put forward to explain for the accuracy of pCLE in our study. First, 

a substantial number of videos (16.3%) were made of sessile serrated adenomas (SSAs). Since 

these lesions are difficult to distinguish from other polyps including conventional adenomas, 

SSAs might have caused a decrease in accuracy of pCLE.34 However, pCLE accuracy would 

not have altered if SSA’s would have been considered neoplastic or excluded from analysis 

(results not shown). Second, one could argue the pCLE accuracy is caused by the observers’ 

level of experience. We believe this level of experience to be sufficient however, considering 

both observers previously participated in a number of pCLE studies assessing over 250 pCLE 

videos.20,  21 Nevertheless, it needs to be stressed that pCLE videos were assessed post-hoc 

without the complementary endoscopic image present, which does not reflect clinical prac-

tice and may lead to an underestimation of its accuracy. The higher accuracy of NBI and CE 

in this study might therefore be explained by the fact that both NBI and CE were assessed 

real-time, during which endoscopic characteristics are present.

In order not to leave any premalignant adenomas in situ, sensitivity of imaging techniques 

should approach 100%. In the current study, sensitivity of pCLE was approximately 60%, 

which means that 40% of all adenomas would not have been removed. Recent studies 

have shown sensitivity of imaging techniques can be increased through the introduction 

of confidence levels.1, 35 Sensitivity of pCLE would have been 80%-90% in the current study 

when high confidence level videos were included only. Even though that seems a reason-

able level of sensitivity, it remains arguable whether that is deemed clinically acceptable. 

Again however, it needs to be emphasized that the post-hoc assessment of pCLE might have 

decreased its accuracy.
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With regards to the interobserver agreement of pCLE, this was moderate using the Mainz 

classification and remained moderate when the classification was simplified to neoplasia 

versus non-neoplasia. These findings appear acceptable and are consistent with the find-

ings of a collaboration group that recently demonstrated a moderate to good agreement 

(kappa 0.55) for the classification of neoplasia in 75 lesions.33 A number of other studies in 

which the eCLE system was used, have demonstrated higher kappa values of interobserver 

agreement compared to our results.36, 37 This could well be due to the extensive experience 

of the participating observers. On the other hand, the different image depicted on the eCLE 

system (i.e. field of view and lateral resolution) could also be a cause for the higher level of 

agreement. It would be interesting to compare pCLE with eCLE but no such studies have 

been performed yet.

In conclusion, our results show that pCLE accounted for a considerable increase in colonos-

copy time while a substantial part of recorded videos displayed insufficient quality. Possibly, 

video acquisition is improved with further experience but more studies are needed to assess 

the learning curve for acquiring good quality imaging with pCLE. Similarly, the learning curve 

of pCLE for accurate prediction of histopathology needs to be assessed further. The accuracy 

of pCLE in the current study was limited although this could be a result of its post-hoc assess-

ment. Future studies should not only aim to assess the real-time accuracy of pCLE but also 

assess its additional value in combination with other imaging modalities.
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Future perspectives

At the end of this thesis we consider the future use of imaging techniques in the years to 

come and their potential to improve colonoscopy. In the following paragraphs we will make 

several recommendations on their future role and highlight studies that could provide us 

with evidence on how to improve the efficacy of colonoscopy.

DeTecTion

In the past years, various new techniques have been introduced in an effort to improve detec-

tion of colorectal lesions. The majority of these techniques is based on the principle that the 

structure of (pre)malignant lesions differs from that of the surrounding, healthy tissue and 

consequently differ in their ability to absorb and reflect light. Many advanced endoscopic 

techniques use this trait to depict such lesions differently, thereby facilitating their detection. 

Despite the plausibility of this approach, to date few techniques have shown to be superior 

in detection compared with the standard technique of white light. For example, research in 

this thesis assessed the detection quality of chromoendoscopy and autofluorescence and 

found no beneficial value. Other research however did show these two techniques were use-

ful in particular patient populations, being chromoendoscopy in patients with inflammatory 

bowel disease and autofluorescence in patients at high risk for colorectal adenomas. Future 

research should validate these results but until such evidence is provided, both techniques 

should be applied in a research setting or used as an additional tool on top of white light 

colonoscopy. It should be emphasized that the usefulness of results from future studies on 

these techniques will depend largely on their design and size, as discussed in this thesis.

Rather than depending on architectural abnormalities, the promising technique of fluo-

rescence endoscopy relies on alterations in protein expression of premalignant lesions. This 

technique attempts to improve the detection of such lesions through the use of fluorescent-

labelled peptides that bind to premalignant lesions only. Several studies have shown encour-

aging results, though most of these studies have focused on protein expression triggered 

by one gene mutation only, while the transformation of normal tissue into malignant tissue 

is known to be complex with many mutations involved. Further insights from fundamental 

research on the sequence of mutations in malignant transformation and the concurrent 

protein expression could refine this technique. Ideally, fluorescence endoscopy would use 

a set of peptides that binds exclusively to premalignant lesions in their early stage of malig-

nant transformation. This would then be the ultimate red-flag technique in which resolution 

becomes less important because of the clear colour difference between premalignant and 

normal tissue.
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Alongside imaging techniques, detection of lesions is dependent on factors such as the 

experience of the endoscopist, bowel preparation and withdrawal time. In recent years the 

experience of the endoscopist in particular has gained attention. Similar to other invasive 

investigations in medicine, colonoscopy involves a learning curve and accurate performance 

requires achieving a certain level of endoscopic skill. For example, the adenoma detection 

rate of endoscopists is an independent predictor of the risk of interval cancer after screening 

colonoscopies. Therefore, the adenoma detection rate is considered a quality parameter of 

colonoscopies and benchmarking adenoma detection rates of individual colonoscopists is 

considered a priority in the improvement process for colonoscopy. With the broad imple-

mentation of such quality measurements in the coming years, we expect that colorectal 

lesions will be less frequently missed, simply because of the raised awareness amongst 

trained endoscopists. It would be interesting for future studies to assess what the miss-rate 

of colorectal lesions will be once such measures are implemented.

DifferenTiATion

As mentioned earlier, the eventual goal of differentiation is to obtain a real-time diagnosis, 

equivalent to histopathology. To date, no imaging technique has shown diagnostic accura-

cies that are sufficient to consider omitting histopathology. These disappointing results can 

be caused by insufficient experience of the endoscopist with the advanced technique or 

simply by limitations of the technique itself. In this thesis we showed that the accuracy of 

narrow-band imaging (NBI) was moderate amongst endoscopists working in non-academic 

hospitals. However, high diagnostic accuracies have been demonstrated in other studies 

performed amongst endoscopists with more experience, indicating that its diagnostic ac-

curacy might largely depend on the experience of the endoscopist. Future research on NBI 

and similar techniques should therefore evaluate to which extent diagnostic accuracy can 

be increased, particularly amongst endoscopists in general practice, where the majority of 

colonoscopies is performed.

Instead of relying on the interpretation of the depicted images by the endoscopist, one 

would prefer to exclude this human factor. Rather, differentiation would be performed in an 

automated manner, using techniques such as laser induced fluorescence or pattern recogniz-

ing algorithms. To date such techniques are inferior compared with trained endoscopists, but 

further refinement will hopefully increase their accuracy. In the case of pattern recognition, 

the currently used algorithms are based on one feature of each lesion but expansion to a 

more complex algorithm including more features such as shape, alignment and vascularisa-

tion might improve its results. Similarly, laser induced fluorescence could potentially gain 

accuracy through the use of different illumination wavelengths or by changing its interpreta-

tion algorithm.
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The notion that each colorectal lesion should be differentiated, is based on the assumption 

that some lesions are premalignant and therefore need to be removed, whilst other innocent 

lesions can remain in situ. Specifically, hyperplastic polyps in the colon are thought to rep-

resent benign entities with little likelihood of progression to malignancy. However, recent 

research suggests that hyperplastic polyps are part of a family of serrated polyps, having a 

spectrum of histologic diversity and concurrent malignant progression. Particularly in the 

proximal part of the colon, there is evidence that these lesions can ultimately demonstrate 

invasive growth. Their malignant potential and concurrent progression to invasive carcinoma 

is not yet fully understood but many researchers advocate removing these lesions in the 

proximal colon also. If indeed each proximally situated lesion were to be removed in the 

future, differentiation of small lesions in the proximal part of the colon would become super-

fluous. Similarly, future colorectal screening and surveillance guidelines could then diagnose 

all proximal small lesions (<10mm) in a single category of lesions, rather than making specific 

recommendations for the different subcategories.

The assumption that small lesions colorectal lesions can safely be removed without his-

topathological assessment is based on the knowledge that the risk of lesions smaller than 

10mm harbouring cancer is very small. In the future, this strategy will become easier to 

implement with the diminishing need for differentiation of small proximal lesions as men-

tioned earlier. Instead, the role of differentiation will shift towards small lesions in the distal 

colon as well as towards large lesions (≥10mm) throughout the colon, which potentially 

contain invasive carcinoma. In the latter group, advanced imaging techniques can assist the 

endoscopist in their decision-making on such lesions (i.e. endoscopic removal or referral for 

surgery) through establishing the presence or absence of an invasive carcinoma. In particular, 

(I) Learning curve 
There is no golden standard on the assessment of an imaging technique’s learning curve. Different designs can be used.

(II) Diagnostic accuracy post-hoc
This can initially be performed amongst expert-endoscopist. If the technique is to be used in a wide setting, similar 

studies should be performed amongst less trained endoscopists to validate the initial results.

(IV) Feasibility 
This includes time to obtain sufficient quality images, time needed to interpret images. Also, the cost-effectiveness is 

assessed, including purchase of the device, cost-reduction through omission of histopathology, et cetera.

(III) Diagnostic accuracy real-time
Each post-hoc accuracy study should be followed by real-time assessment to evaluate the clinical value.

Figure 1: Sequence of assessments to evaluate whether a differentiation modality is ready for implementation in clinical practice.
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imaging techniques that mimick histopathology such as confocal laser endomicroscopy, 

should be assessed for their potential role in this decision-making.

In conclusion, colonoscopic differentiation can be expected to take over part of the role 

of histopathology, particularly in small lesions. For the time being it remains unclear which 

endoscopic technique will be most suitable for this job. Whatever the outcome, scientific 

assessment of each differentiation technique should take place in a particular sequence. 

Key options include the use of post-hoc versus real-time evaluation of endoscopic images 

and the use of expert versus non-expert endoscopists. In figure 1 we propose a sequence 

of assessments to evaluate whether a differentiation modality is ready for implementation.
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Summary

Standard white light colonoscopy is still considered to be the gold standard for the detection 

and removal of colorectal lesions, despite its imperfect diagnostic accuracy and substantial 

miss-rate of lesions. Several endoscopic imaging techniques have been developed in an 

attempt to overcome these limitations. The purpose of this thesis was to research whether 

advanced imaging techniques indeed improve the diagnostic quality of colonoscopy. To do 

so, we assessed several techniques for their detection and differentiation quality.

PArT i; DeTecTion

In recent years many studies on the detection quality of endoscopic imaging techniques have 

been published, using a number of different study designs. As a consequence, their results 

are difficult to compare, despite their similar objectives. In chapter 2 the most frequently used 

study designs to assess the detection quality of an imaging technique are being compared 

through a series of simulations. The results of these simulations show that the cross-over 

study design with direct removal of lesions has greater power to identify differences in detec-

tion than the randomized parallel design. The main disadvantage of the latter design is the 

number of lesions at baseline in each arm that differ just by chance. In order to overcome 

this, sample size would have to be sufficiently large, up to 15 times larger when compared 

with the cross-over design. Another study design, the cross-over study design without direct 

removal, showed to have the greatest power but is limited by its impracticality.

In chapter 3 and 4 different imaging techniques are assessed for their detection quality 

in different populations. Chapter 3 evaluates the necessity of pouch surveillance in patients 

with ulcerative colitis and the additional value of chromoendoscopy to detect dysplasia in 

the pouch. The results of our study suggest that the risk of developing dysplasia in the pouch 

after proctocolectomy is limited. Also, there is no additional value of using chromoendoscopy 

for the detection of dysplasia in this group of patients.

In chapter 4 we assess the detection and differentiation quality of endoscopic trimodal 

imaging (ETMI), which is an advanced imaging technique combining high-resolution en-

doscopy, autofluorescence imaging and narrow-band imaging. Studies on ETMI that have 

been performed prior to ours, were all done by highly experienced endoscopists in expert 

centres. In order to assess whether similar results would be achieved in general practice, we 

conducted this study in six non-academic endoscopy centres in the Amsterdam region. Our 

results indicate that ETMI has no additional value in detection quality when compared with 

the standard technique of white light. Another important finding of this study was the overall 

high miss- rate of adenomas, being higher than any earlier study. Whether or not this can 
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be attributed to its general practice setting is unknown and remains to be determined in 

future studies. Lastly, the differentiation quality of ETMI showed to be better than white light, 

although insufficient to replace formal histopathology, with an accuracy of 75% at best.

PArT ii; DifferenTiATion

With an increasing number of colonoscopies being performed each year, the number of de-

tected small and diminutive lesions will increase concurrently. Even though such lesions have 

a very small risk of harbouring cancer, they are sent for histopathology to assess which of 

them is adenomatous since the number of adenomas is a good determinant of long-term risk 

of advanced neoplasia. Colonoscopy would become much more efficient and cost-effective 

if such lesions were to be differentiated in-vivo, dispensing of histopathological analysis. To 

assess whether this can be achieved in general practice we performed the DISCOUNT trial, 

which was executed amongst non-academic endoscopists and is discussed in chapter 5. The 

results of this trial illustrate that participating endoscopists felt they were able to differenti-

ate many lesions with high confidence, although corresponding accuracy was disappointing, 

ranging from 72% to 82%. Similarly, accuracy for the prediction of on-site recommended 

surveillance intervals was insufficient. Previous studies using similar imaging techniques 

amongst expert endoscopists have shown better results, which seems to suggest that 

increasing diagnostic accuracy can be achieved with progressing experience. Still, this trial 

illustrates that this strategy cannot yet be recommended in a non-academic setting.

Chapter 6 contains the results of the WavSTAT trial. The WavSTAT is an optical biopsy system 

that aides the endoscopist in differentiation of colorectal lesions. As differentiation with WAv-

STAT is performed in a computerized, standardized manner, its accuracy is not dependent 

on the experience of the endoscopist, making it an ideal tool for usage in general practice. 

We evaluated WavSTAT for its accuracy in small colorectal lesions, which showed to have a 

high sensitivity of 84% but a disappointing specificity of 59%. Even when the WavSTAT was 

combined with high-resolution endoscopic imaging, accuracy proved to be insufficient to 

replace histopathology.

Another advanced imaging technique is confocal laser endomicroscopy (CLE) system, 

which allows in vivo imaging of colorectal epithelium. There are two different CLE systems 

available: the endoscope-based (eCLE) and the probe-based (pCLE) device. One of the es-

sential elements for any new imaging technology to be implemented in daily practice is that 

its images can be interpreted easily and accurately. In chapter 7 we evaluate the learning 

curve and accuracy of eCLE, through the post-hoc assessment of eCLE images of colorectal 

lesions. The results of this study indicate that the learning curve is short as a high diagnostic 

accuracy was achieved by all 3 observers during the initial stage of the assessment, which 
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remained high thereafter. Also, intra- and interobserver agreement was substantial for all 3 

participating observers.

In chapter 8 we discuss a modified classification for pCLE. This classification was proposed 

to assess whether differentiation of colorectal lesions such as sessile serrated adenomas 

or active inflammation could be achieved. Even though there was moderate agreement 

amongst all 5 participating observers and accuracy with pCLE for predicting neoplasia was 

high when all observers agreed, differentiation of entities such as sessile serrated adenomas 

and acute inflammation proved to be disappointing.

If novel techniques are implemented in daily clinical practice, researchers should not 

only assess their accuracy but also their feasibility. In chapter 9 we evaluate the feasibility of 

pCLE for the differentiation of colorectal lesions. Our results show that pCLE accounted for a 

considerable increase in colonoscopy time while a substantial part of recorded pCLE videos 

displayed insufficient quality. Even if accuracy were to be very high, endoscopists should gain 

more experience in usage of the technique to overcome its practical limitations.
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Summary for non-doctors (in Dutch)

Jaarlijks wordt in Nederland bij bijna 13.000 mensen de diagnose darmkanker gesteld. Het 

is daarmee een van de meest voorkomende soorten van kanker. Ruwweg de helft van deze 

mensen overlijdt aan de gevolgen van deze ziekte. Darmkanker ontstaat bijna altijd uit een 

poliep, andersom groeien slechts zeer weinig poliepen uit tot kanker. Omdat de ontwikkeling 

van poliep tot kanker vele jaren duurt, is darmkanker bij uitstek geschikt voor preventieve 

behandeling met behulp van inwendig darmonderzoek, de zogenaamde coloscopie. Tijdens 

een dergelijk onderzoek wordt een endoscoop via de anus ingebracht. Een arts kan tijdens 

een coloscopie poliepen, die mogelijk kunnen uitgroeien tot kanker, opsporen (detecteren) 

en verwijderen.

Omdat is bewezen dat het opsporen en verwijderen van poliepen het risico op darmkanker 

verlaagt, hebben veel landen een screeningsprogramma ingevoerd, waaronder Nederland. 

De introductie van dit screeningsprogramma leidt de komende jaren tot ongeveer 66.000 

extra coloscopieën per jaar. Dat is bovenop de 191.000 coloscopieën die nu al jaarlijks wordt 

uitgevoerd.

De huidige coloscopieën worden uitgevoerd met de witlicht techniek. Deze techniek kent 

echter enkele beperkingen. Zo is bekend dat niet alle poliepen tijdens coloscopie worden 

opgespoord met als potentieel risico dat deze gemiste poliepen kunnen uitgroeien tot 

kanker. Een tweede beperking van de witlicht techniek is de lage nauwkeurigheid waarmee 

verschillende soorten poliepen van elkaar onderscheiden kunnen worden (differentiëren). 

Daardoor worden onschuldige poliepen soms onnodig verwijderd. Andersom kan een hoge 

nauwkeurigheid in de toekomst mogelijk zorgen voor het achterwege laten van nader weef-

selonderzoek (histopathologie) in kleine poliepen.

Om deze beperkingen van witlicht coloscopie te overwinnen zijn de afgelopen jaren 

meerdere, geavanceerde technieken ontwikkeld. In dit proefschrift hebben wij onderzocht 

of deze nieuwe technieken inderdaad zorgen voor een verbetering in het opsporen en on-

derscheiden van poliepen.

Deel I detectie van poliepen

Vele studies hebben zich in het verleden gebogen over de detectie kwaliteit van nieuwe 

endoscopie technieken en deze vergeleken met de standaard witlicht techniek. Deze studies 

hebben eenzelfde vraagstelling, namelijk: werkt de nieuwe techniek beter dan de standaard? 

Ondanks hun gezamenlijke vraagstelling verschillen zij sterk in onderzoeksopzet (studie 

design), wat een onderlinge vergelijking bemoeilijkt. In hoofdstuk 2 onderzoeken wij veel 

gebruikte studie designs op hun statistische power door middel van een serie aan simulaties. 

Een van deze study designs is het zogenaamde cross-over design waarin patiënten tijdens 

een coloscopie tweemaal achter elkaar onderzocht worden, zowel door de nieuwe alsook 
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door de standaard techniek, in willekeurige volgorde. De resultaten van onze simulaties to-

nen aan dat deze cross-over variant tot wel 15x minder patiënten nodig heeft in vergelijking 

met een ander, veelgebruikt design, zonder aan power te verliezen.

In hoofdstuk 3 en 4 hebben wij een tweetal endoscopie technieken onderzocht op hun 

detectie kwaliteit in specifieke patiëntengroepen, namelijk autofluorescentie in de algemene 

populatie en chromoendoscopie in de pouch van patiënten met de ziekte colitis ulcerosa. In 

beide studies presteerde de nieuwe techniek niet beter dan de standaard techniek.

Deel II differentiatie van poliepen

In het tweede deel van dit proefschrift hebben wij meerdere differentiatietechnieken geana-

lyseerd. In hoofdstuk 5 onderzochten wij of niet-academische endoscopisten met behulp van 

een nieuwe endoscopie techniek (narrow-band imaging) voldoende nauwkeurigheid beha-

len om histopathologisch onderzoek van kleine poliepen achterwege te laten. Hoewel eerder 

studies onder academische endoscopisten hoopgevende resultaten toonden, demonstreren 

onze resultaten dat deze strategie vooralsnog niet veilig kan worden toegepast onder deze 

groep endoscopisten. Mogelijkerwijs is dit wel het geval zodra de ervaring met deze techniek 

groter is, maar nader onderzoek zal dat moeten uitwijzen.

Een andere endoscopie techniek, die wij onderzochten in hoofdstuk 6, onderscheidt po-

liepen automatisch, dat wil zeggen zonder tussenkomst van de endoscopist. Deze techniek 

lijkt veelbelovend, omdat het makkelijk aan te leren is voor elke endoscopist, ongeacht zijn 

of haar ervaring. De resultaten van onze studie zien laten echter zien dat deze techniek 

vooralsnog beschikt over onvoldoende nauwkeurigheid.

Tot slot hebben we meerdere studies verricht naar de mogelijkheden van een techniek 

waarbij tijdens coloscopie darmweefsel direct op microscopisch niveau bekeken kan worden 

(confocale laser endomicroscopie). In hoofdstuk 7, 8 en 9 tonen wij aan dat interpretatie 

van confocale beelden makkelijk te leren is, maar het verkrijgen van goede beeldkwaliteit 

dermate tijdrovend, dat deze techniek minder geschikt lijkt voor dagelijks gebruik.

Samenvattend bleek geen van de door ons onderzochte technieken vooralsnog te voldoen 

aan de gestelde eisen. In de toekomst zal er echter behoefte zijn aan coloscopie technieken 

die kleine poliepen accuraat kunnen differentiëren en detecteren, vooral met het oog op de 

invoering van colorectale screening in Nederland. Nader onderzoek naar nieuwe technieken 

voor coloscopie is daarom nodig.
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